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ABSTRACT

The larvae of foUl' speeies of tuna-yellowfin (Neoth1£nn1£.s ma­
cl'uptel'1£s) , skipjaek (Kat.s1MvOll:US pelamis), little tunny (E1£thynnus
yaito) , and frigate maekerel (A1£xi.~ thazard)-al'e deseribed' in detail.
Dia,gnostic chara.cters are given to aid in the identifiea.tion of t.he. .
speelCS.

The geogra.phica1· and ·sea.sonal dist.ributions of tuna larvae in
equa.torial waters from 1950 to 1952 are described. Yellowfin and
skipjaek larvae, which were the most· abundant 'of the four species,
were found ·to occur over a wide area between 23 0 N. and 150 S.
latitude, from 1200 W. to 1800 longitude. the limits of the area
investigated. The distribution was generally uniform over the
entire area, but a slightly heavier coneentration was notieed be­
tween 1400 W. and 1600 W. longitude from 50 S. to about 100 N.
latitude. Although the geographieal ra.nge has not been completely
defined, the dose adult-larva relationship points to a continuous
transoeeanic distribution along the equatorial cun'ents. Both
species appeared to be uniformly abundant throughout the year.

Nearly all the larvae were concentrated in the top 50 meters of
water, with indications of a vertical, diurnal migration.
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DESCRIPTION AND DISTRIBUTION OF LARVAE OF FOUR SPECIES OF
TUNA IN CENTRAL PACIFIC WATERS

By WALTER M, MATSUMOTO, Fishery Research Biologist

BUREAU OF COMMERCIAL FISHERIES

The distribution of tuna larvae in the central
Pacific is only olle of several facet.s of an invest,i­
gation of t.he life history, dist.ribut.ion, and
abundance of tuna being undertaken by the
Pacifie Oceanie Fishery Invest.igations (POFI),
of the United States Fish and Wildlife Service.
The purpose of the present. study is to identify
and describe the tuna larvae found in these waters,
to gain information on the loca,tion and time of
spawning, and to obtain another measure of the
comparative magnitude of t.he adult. populations
of the different species.

While it would have been logical and desirable
to study the early life history of the tunas,
beginning with the eggs, it was not possible to
do so, since there were no discernible differences
between the eggs of one species of tuna and those
of another. All the ripe or near-ripe eggs exam­
ined from known species appeared alike (all had
an opaque yolk mass and a distinctly noticeable
oil droplet), and the. range of egg diameter meas­
urements for any oue species overlapped that of
the others. Consequently, no detailed work was
done on their identification.

. This paper presents comparative descripti.ons,
based on material from zooplankton hauls, ,of the
larvae of four species of tuna: yellowfin, Neothun­
nus macropterus (Temminck and Schlegel); skip­
jack, Kaisuwonus pelamis (Linnaeus) ; little tunny,
Euthyn1/.us yaito Kishinouye; and frigate mack­
erel, Auxis thazard (Lacepede). The collections
are ~ufficiently complete to enable us to trace the
several species from early througl~ late larval
stages. The report also contains discussions of
the horizontal and vertical distribut,ion of these
la~'Vae, the diurnal variation and spedes composi­
tion of the larval catches, and estimations of the
spawning area and t,ime ~f spawning as evidenced
by the developl11ent and dist,ribution of the larvae.

NOTE.-AJlPro\,Pd for uublication, Fcbruar)' 26, 193.. f'i.her)' Bulletin
128.

The zooplankton samples from which the tuna
larvae were collect,ed were qbt.ained from t.wo
main areas, equatorial wat,ers and Hawaiian
waters, during the years 1950 to 1952 on eight,
eruises of the POFI reseal'eh vessel Hugh A!.
Smith. General stat.ion posit,ions are shown in
figures 1 and 2 (data on larvae eollections for all
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FIGURE I.-Station locationl! of the Hugh M. Smith during
.cruise 6 in Hawaiian waters

the cruises are compiled in appendix tables 1 to 8,
pp.67-72), Samples were taken in I-meter nets (flee·
King and Demond, 1953, for detailed description),
hauled according to two different methods. The
first method was a I-houi' horizontal haul in
which t,hree nets were towed simultaneously at
three different depths. The second met,hod was
a 30-minute oblique haul, a single open net being
lowered to a depth of 200 met,ers and,raised to the .
surface in a continuous operation.

In addition .to the material collected by POFI,
about 100 spedmens of E. yaito and over 500.
specimens of A. tha.zard taken in waters of the
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FIGURE 2.-Station locations of the Hugh M. Smith in equatorial waters.

East Indies,d~ring the 1928-30 Dana Expedition
were examined.

The author wishes to thank the many POFI
sta,ff members who assisted in sorting the fish
larvae from plankton samples, Wilvan Van
Campen for numerous translations of literature
in the Italian and Japanese languages, Tamot.su
Nakata for drafting the charts in the text and
for his advice on the reproduction of the drawings
of tuna larvae, and the various staff members who
crit.icallv reviewed the manuscript.. Special
thanks go to Dr. A. Vedel Taning, through whose
kindness it was possible for us to examine the
larval tunas collected during the 1928-30 Dana
Expedition; to Dr. Milner B. Schaefer, Director
of the Int,er-American Tropical Tuna Commission,
for the loan of juvenile A. thazarcl; to the California
Division of Fish and Game for the loan of juvenile
E. lineatu8; to the Gulf Fishery Investigations for
the loan of juvenile E. alletterat1t8; and to Dr. E. H.
Ahlstrom, South Pacific Fishery Investigations,
U. S. Fish and Wildlife Service, for his helpful
critieisms anel suggest.ions on t,he drawings of the
Im'vae.

DESCRIPTION OF SPECIES

While there have been several valuable contri­
butions to the identification of juvenile tunas, very
little has been done on the identification of the
larvae. The two most, complete studies t.o date
are those by Ehrenbaum (1924) and Wade (1951).
Ehrenbau~ examined Im"Vae ,collected on the
Danish oceanographical expeditions of 1908-10
to the MediteITanean and adjacent seas. '!'he
lack of juveniles in his collections did not permit
him to make positive species identifications, and
although his work has been cit,ed in this paper as
a general refp,rence, for the most par~ his ide~ti­

fieations have not been followed. Wade studIed
the larvae taken from waters around the Philippine
Islands and was successful in collecting larval 'as
well as juvenile specimens of N. macropteru8, K.
pelamis, and E. yaHo (Wade 1950). His collec­
tions came from an area where adults of five
species of Scombridae had previously been re­
corded [i. e., Thunnus orie1~tali8, T. germo (=Ge.rmo
a.lal-unga), Pa.ra.thunn·us me.bachi (= P. sibi) , Ki.shi­
noella tonggol, and N. macroptel'1t.s]. While there
is good reason to believe that Wade's designation
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of certain larvae as N. macropteru8 is valid, some
doubt exists as to his identification of E. yaito.

Prior to Wa.de's work, Schaefer and lVlarr
(I948a, 1948b) had studied larval and juvenile
stages of N. macropteru8, K. pelamis, E. lineatu8,
and A. thazard taken off the Pacific coast, of
Cent.ral America. They had no difficulty in
identifying the last three species. Regarding the
first, their material came from an area where P.
sibi is relatively scarce and their larger specimens
showed anatomical characters that distinguish
N. ma,cropterus. However, these authors ad­
mitted the possibility that the smaller specimens
were P. mebachi (=P. sibi), since identification
could not be certain until juveniles of both species
were available.

Our N. macropterus larvae resembled those
examined by Wade and fitted nicely into the series
of juveniles collected by Schaefer 8.nd Marl'.
Since ripe or nearly ripe gonads have been taken
from adult P. sib·i in equat,orial waters (Yuen
1955), there is a possibility that some of the
larvae could also be the young of P. sibi. While
all indications seem to favor their being N.
macropteru,<;, final identification must wait until
larvae and juveniles of G. alal-unga, P. sibi, and
some of the other scombrids have been caught and
identified.

A situation somewhat comparable to that
obtaining for Neothunnu8-Parathwnnus also exists
for the species of Auxis discussed here. As
pointed out by Wade (1949), the Philippine and
East Indian regions have two species of this
genus, A. thazard and A. tapeinosoma, these being
rather easily separated as adults but much less so
as juveniles. Apparently, only thazal'd occurs in
the Hawaiian' area,1 and Hawaiian Auxis larvae
are accordingly referred to this species. Because
the present, study also includes East Indian ma­
terial, the possibility exists that specimens from
that area may represent two species even though all
material examined appeared identical with the

I Aftcr this pBpl'r was submlr.ted lor publieat ion, 21 speelmpns 01 long'
('OI'seINtffi ,·1 u.Ti•• prohably .-1. taptfll08oma, were tak('n about I mile offshoT<'
Irom the Island of Lanai In thp Hawaiian Islands, Novembpr 30, 195., b~'

l.he Fish and Wildlife Ser\'ice rp8('lJ,reh ,'essel, thp Johll R, ,\[ol/Ilillg. This
is the first rPOOrd oUhr. eupturp 01 long-rorspletted .·luxu in Hawaiian waters,
Inasmuch as the wat.crs around thesp islands how been subjectcd to rather
inlells(' t.lllla flshing slnell the lurn 01 the ecntur)' and a cal'e(ul ehcek has
hPen kept 01 the local fish markets lor a lorm 01 .,Iux;' othcl' thOlD Ihazard lor
Ihe p"st. 8 or 9 years, we bell,"'p that the 10ng-l'Orse!etl-pd lorm oecurs l'ery
rarl'ly in locnl wnt.t"rs and that its rcct-nt appearance muy he du{" to uJlusual
OCl'.anographie I'OndlUons, In our opinion, its dlscol'ery Iloes not materially'
ehanllP thc lon'al idcntification Ilresented here,

Hawaiian thazard. There was no great difficulty
in identifying larvae of K. pelamis and E. yaito.

In this section the detailed description of the
smallest .recognized specimen is given first.. De~

scriptions of larger specimens follow in size
sflquence, and only the more prominent characters
are not,eel. Finally, the distinctive charaeters or
combinations of eharact,ers by which these species
can be separated are discussed. The seheme of
describing eaeh specimen in its entirety, instead
of following the development of certain anatomical
characters throughout the size categories, was
chosen because it, seemed that this method would
be more convenient for the reader. All deserip­
tions and counts of the teeth and chromatophores
on the head and body, unless specified otherwise,
are based on one lateral half of the body, usually
the left.

The smaller specimens were still in the· init.ial
stages of development and lacked many of the
characters by whieh the adults are ident,ified.
They were separated into species by first segre­
gating those larvae t,hat were similar in appear­
ance and then alTanging them in a series according
to size. From each series several specimens of
various sizes were stained with alizarin according
to the method described by Lipman (193'5). The
larger specimens in these series were more than
10 millimeters fork length and already possessed
sufficient adult cJiaracters to pemlit positive
identification. The more prominent, and per­
sistent characters, other than those used in
identifying the larger specimens, were examined
and traced down to the smallest individual in each
series. The most useful of these characters are
listed in t,ables 4 and 5 (pp. 53, 54). The six
measurement,s used in tables 4 and 5 are defined
as follows'

1. Total length: The distance from the tip of the upper
jaw to the end of the longest, caudal ray when the tail is
not forked, and to the end of the middle caudal ray whell
the tail is forked.

2. Head length: The distance from t.he tip of the upper
j.aw to the post,temporal spine when the spin!" is present,
and to the posterior margin of the head at the level of the
vertebral column when the posttl'mporal spinp if; absent.,

3. l\'1outh length: The distance from the tip of the upper
jaw to the middle of the posterior edge of t.lw maxillary,
wit,h t,he mouth closed or agape, varying with the specimen.

4. Snout length: The distl~nce from the tip of the upper
jaw to thc anterior edge of the orbit.

5. Diameter of orbit,: The dianwter of the e,\'C slll·ket
taken parallel to t.he body axis,
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6. Dorsal interspace: Thc distancc between the insertion
of the first dorsal fin and the origin of the second dorsal.

7. Tooth counts: Counts given for one side only.

In general, tuna larvae arc eflaracterized by a
compact, triangular visceral mass with a short
'intestine that is directed ventrally at it,s posterior
end. The entire visceral mass is located well for­
ward in the body, the preanal distanee being less
t.han one-half the total body length on specimens
up to about 9 mm. A eontinuous median fin
membrane starts at the nape and extends com­
ple'tely around the caudal .region to the anal
opening.' The myomeres, when distinct, number
bet,ween 38 and 42. The head, mout,h, teeth, and
eyes are well developed, and prominent pre­
opercular spines are noticeable. Pigmentation is
rat.her sparse, most of it being coneentrated over
the abdominal sae, over the brain, and in the
caudal region, depending on the species.

As an aid in comparing the differences between
larvae of various species and at different stages of
developmen t, the following summary of the key
characters is presented in advance of the detailed
deseriptions, together with a sketch of a typical
tuna larva (fig. 3) in which is incorporated the'
nomenclature used in this paper.

N eoth 11n II ItS l/IarropleTII·S

a. Complete lack of chromatophores on the trunk,
except over visceral mass, until the larva ap­
proaches 14 mm. total length.

FOREBRAIN

MIDBRAIN

ORBIT

MANDIBLE

MAXILLARY

SYMPHYSIS OF
PECTORAL GIRDLE

b. No chromatophores o\"er the forebrain.
c. Heavy pigmentation on the first dorsal fin in

specimens of more than 7 mill.
Kalsu-wollus pela.mis

It. Presence of It distinct chromatophore on the \"elltral
midline of the caudal region.

h. 'Early appearance of chromatophores o\"er the fore­
brain in specimens of more than 7 mm. total
length.

c. Single chromatophore on middle of mandible in
specimens of more than 7 mm.

d: Chromatophores only along ollter edge of first
dorsal fin.

EllthYIllllt8 lIaito

(t. Up to 4- chromatophores alollg the posterior base of
the anal fin und the first 2 or 3 anal filllets. No
chromatophores alollg the dorsal margin of the
caudal region.

h. Series of ehromatophores along the mandible,
usually extending over the anterior half.

c. Heavily pigmented first dorsal fin.
d. Chromatophore usually present at the symphysis

. of the pectoral girdle.

AnI-is lhazard

a. A short series of closely spaced ehromatophores on
the middorsal, midlateral, and midventral lines
of the caudal region.

h. I,ower jaw free from pigmentation, except at the
tip.

e. First dorsal fin relatively unpigmented, with 3 or
less ehromatophores at about 12 mm. in total
length.

d. Chromatophore usually present at the symphysis
of the pectoral girdle.

MYOMERES

Fl(1tTRE 3.-A typical tuna larva with the nomenclature employed for variou:; parts of the body.
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TABLE I.-Number and si;$/! rang/! of larval NcothulInliS
macropterlls collectl!d by thl! Hugh M. Smith -in Ha­
wa-i,;u,n aTl(l eqllutorial waters

(Sec figs. I and 2 ror location or srotions]

YELLOWFIN (NEOTHVNNVS MACROPTERVS)

The description of t.his species is based on a
study of 264 speeimens, whose t.ot.al lengt,hs range
from less' t.han ,3.0 mm. to 14.2 mm. (t.able 1).
Whilet.he speciinens less than 3.9 mm. in length
could not be identified posit.ively, they so closely
resemble t.he smallest larva identified as N. macrop­
teru8 that. they are included in the t.otal.

The smallest specimen ident.ified as N. macrop­
tern,;;; measures 3.9 mm. (fig. 4) and has about. 40
myomeres. The body is evenly tapered caudally,
and the abdominal sac is roundly t.riangular with
t.he anal region direct,ed sharply downward. The
anal opening is well ahead of the midlength of the
body. The snout. on t.his specimen is slight.ly
dist.orted, and no comparison of the head part.s
involving snout measurement.s has been at­
tempt.ed, ahhough it. is evident that t.he snout. is
only slight.ly longer t.han half t.he diameter of the
orbit.. No t.eet.h am observable on this specimen,
but. other specimens of about the same lengt.h show
up to 3 feeble teet.h on each ramus of both jaws.
Three spines project post.eriorly along the edge of
t.he preopercle, the middle ono being the longest,
and 2 minute spines lue present on't.he surface of
the preoperc1e just anterior to the preopercular
spines.

The unpaired fins are not developed, but are
represent.ed by a cont,inuous membrane ext.ending
from t.he nape complet.ely around the caudal end

132 2. iH?J-10, 2

TABLE l.-Number and size ra1&JJe oj larval NeothunnUli
macropterliS calleeled by the Hugh M. Smith in Ha- '
waiian, and equatorial waters-Continued

Number or Size range
larvae (mm.l

1 3.3
1 4. Y
2 <3.0.4.2
1 7.0
I <3.0
I <3.0
2 4. 4. ,~. 2
1 3.8
Il 3.2-4.6
I 6.0
I 4.9
2 4.9.5.5
I 5.5
1 ,3.5
2 3.7.4. Y
3 3.1-5.2

2 6.2.7.9
1 5.3
I 3.11
I <3.0
5 <3.0-5.6

,6 3.5-4.0
4 <3.0-4.2
2 4.0.5.0
I 14.2
1 4. Y
1 6.2
1 4.7
1 5.2
1 3.7

2 <3.0,4.8
2 5.3
4 3.1-8.0
4 3.2--6.6
2 3..~. 3. 7
7 <3.0-6.6
2 5.2.·11.6
3 3.3-7. I
I 3.0
I 11.0
I 4.0
1 5.1l
2 4.5,4.6
3 <3.0-3.8
1 3.8
4 3.0-3.6

1 5.0
I 5.0
3 4.0-4.1
I 7.1
2 3.7.4.1
I 3.7
4 3.IHt4
2 5.7.7.8
3 4.1\-7.7

4 <3. lHI. 0
2 5.0.8. I
1 3.0
I 4.5
1 3.2
I 4. I

2 3.0.3.2
2 3.1.3.2
1 3.2
I 4.6

132 <3.0-14.2

of the body t.o t,he anal opening. Membranous
pectornl fins are present., but. ventral fins are
lacking.

Head pigmentat.ion is rnt.her sparse, with only
about 4 very small, seat.tered chromat.ophores over
t.he membrane covedng the bmin and 2 int.ernal

Cruise and station

EQt'ATIIRIAL WATERS:
Cruise 5:No. 8 .'. __ • • .

No. 12. • ._. • .
No. 13 '- _
No. 14 • • • _. _
No. 15 •. • • • _•. _
No. 17 •• . • _•• _
No. 21. • _. .• • _
No. 25. ~ .... .• ~ _•. _
No. 2IL • .. .,. • _. _
No. 39 • _. __ .. • ._. _
No. 41. •• • _
No. 42 .• .. _
No. 43.. . • • __ .• _
No. 45._. • •• _•. _
No. 48 • • • __ .. _
No. 51._ .. • • . __ • _

Cruise 8:No. 9_. • • .. __ .. _
No. 16. __ . • • ... _.' _
No. 21. • .' _
No. 22 .. • . • _
No. 24. :_. __ • • •
No. 77. . __ ._'_. . • .
No. 78._. • •• ._. _
No. 79. .• • • •
No. 82. • • -_
No. 85. • .. .' _
No. 93. • • • . _. ••
No. 94. • • • • • _
No. 117. • • .' _
No. 101. • .. .. _. _

Cruise 11:No. 4 • • • _
No. I\.. _. •• • _

. No. M • • • _
No. 9.. _. : _•• • • _
No. 10... •• • _
No. II .. . . _
No. 12.. • . • _
No. 22... •• • _
So. 23. • • • • _
No. 33. • • • _
No. 35. • • . .
No. 31L • • ... •
No. 37. • • . __ •
No. 40. • • • ., •. __ •
No. 42... __: • • __ ... ._.
No. 46. • • • ••

Crul~ 14:No. 12._. • . • • _
No. 14... _. • • • _
No. 19. • . _
No. 20. • ' -'--.
No. 21. .. • . __ - ---
No. 22•. • . • ._
No. 30.. . __ • .. • __ . __ •
No. 31. .. • . •
No. 32 .. • . _

Cruise 15:No. 5.. • • _
No. 6 .. __ .. . • _
No.7 . • . • _
No. 14 . • . • _
No. 15 . • • _
No. 16.. . • • • _

Crill&' 18:No. 4.. • . _
No.5 ... .. . _

~;O:~I:.:_~:::::: :::::::::::::: ::::::: ::::::I

5.3-6.0
4.4-6. 5
3.0-1\.0
3.5-4.5
3.3-4.2
5.4-8.0

4.6
3.3-6.1
4.0-6.8
4.0-5.1\
3.6-6.0
4.0-10.2
3.5-5.1\
3.2-7.5
5.2-1\.5
3.6-6.5
4.1\-7.45
3.5-5.6
3.0-3.9

2.5(1)-6.5

Size rang~
(mm.)

Total ... _

HAWAIIAN WATERS:
Crui~6:No. 1._. . : ._______________ 2

NO.IA. .. .. 5
No. 2 ._______________ 13
No. 5 • • 2
No.6._____________________________________ 2
No. 7 5
No.8 .__________ I
No. 10 .. 12
No. 11 •• 5
No. 13 . _____________________ t\
No. 14 .____________________ 13
No. 15. • . 7
So. 16. .• 4
No. 18 .______________________________ In
NO.IIl .______________________ 2
No. 21.____________________________________ 8
No. 24 .. 2
No. 25 ._____________________________ 15
No. 26. • .___ 6
No.7:i_____________________________________ ti

erui.., and st,\tion Number or
laT\":\C
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FIGURE 4.-NeothunnU8 1I/.acropleru8, a.!l 111m. t.ot.al lengt.h.

chromatophores along the posterior margin of
the brain. Several large chroniatophores are
present over the anterior and posterior regions
of the abdominal sac, but the rest of the body is
free of pigmentation.

A specimen of 4.75 mm. has the same general
appearance of the preceding stage, with 39 or 40
myomeres, but the body has deepened slightly.
The teeth have increased to 5 on the upper jaw,
but the 3 remain on the lower jaw. There is a
slightly' depressed, ovate, nasal spot on the snout
which represents the future nostrils. The pre­
opercular spines have increased to 4: 2 long spines
at the angle and 2 small spines on the horizontal
edge. There is no change in pigmentation, and
the pelvic fins are just emerging as minute fleshy
outgrowths from the ventral outline of the body
beneath the abdominal sac.

Certain changes are evident in 'a 5.5-mm.
specimen (fig. 5). The head appears slightly

larger, 36.8 percent of the total length, and the
snout, which is two-thirds the diameter oftheorbit,
is bluntly pointed. The mouth represents only
60.1 percent of t.he head length and all the teeth,
8 on the upper jaw and about 4 on the lowl'r jaw,
are RmSlJl and feeble. Six preopercular spines arc
visible: 1 small spine on the vertical edge; 3 longer
spines at the angle, the middle one ~eing the
longest; and 2 short spines on the horizontal edge.

The unpaired fins are still represented by a con­
tinuous membrane, whieh has degenerated in t,he
region of the future first dorsal fin and appeaTS
slightly heavier there. The membrane also shows
signs of degeneration in the region of the caudal
peduncle, and about 10 incomplete rays are
noticeable in the caudal fin. Thl' pelvic fins are
quite evident although they a·re still rudiment.ary.

The tips of both jaws bear sevcml small chl'o­
matophores, and there are about. ]4 large c111'0­

matophores ov('r the midbmin, although thesl'

I MM.

FIGURE 5.-NeothunnU8 1I/.acroptl'rlt8, 5.5 mm. t.ot.al lengt.h.
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extend only over half of the brain area. A band
of dark pigmentation lies along the posterior
margin of the ~rain, and the 2 dermal chromato­
phores on the side of the head near the dorsal end
of the preopercle make up the remainder of the
pigmentation on the head. The dorsal half of
the abdominal sac bears numerous large chromato­
phores, while the rest of the body is unpigmented.

Except for the appearance of 4 short spines in
the first dorsal fin, about 12 r~ys in the caudal fin,
and the formation of a very small spine near the
posttemporal region, the specimen at 6.4 mm.
(fig. 6) remains relatively the same in appearance
as the previous one. There is a single, faint
chromatophore on the third interradial membrane
of the first dorsal fin, and the fin membrane here
has degenerated to the height of the spines. The
membrane is still high over the rest of the body.

At 7.15 mm. (fig. 7), the anal opening is closer
to the midpoint of the body length. The snout
is slightly longer, but is still not quite as long as
the diameter of the orbit, and the nasal spot is
beginning to constrict in the middle. The mouth
is not very large and represents 62.1 percent of
the head length. There are 10 or 11 small teeth
on the maxillary and 6 or 7 similar teeth on the
mandible.

The most noticeable development here is in the
first dorsal fin, which bears 7 strong spines, the
first 5 of them very long. About 19 rays are
present in the caudal fin, which is just beginning
to fork. The pelvic fins are only slightly larger
than in the previous specimen.

There is an increase in the pigmentation over
the brain, at the tips of both jaws, and over the
abdominal sac. The. band of pigment along the

I MM.

FIGURE 6.-NeothunnIl8 macropterlt8, 6.4 mm. total length.

I MM.

FIGURE 7.-NeothunnIt8 macropter!t8, 7.15 mm. total length.
439180 0-58-2
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posteroventral margin of the brain and the
chromatophores near the dorsal end of the pre­
operde have increased in number and arc most
noticeable. Two chromatophores are present
near the posterior edge of the orbit, and the darkly
pigmented distal half of the interradial mem­
brane of the first dorsal fin is rather prominent.

Some interesting development is noted in a
stained specimen of 7.45 mm. While many of
the dermal bony structures have ossified, the
anterior vertebrae are just in the process of ossi­
fict,ttion. The first six vertebrae appear as "rings"
and each of them has a very large, complete
neural arch. On succeeding vertebrae the areas
of ossification diminish in size unt,il only the bases
of the neural and haemal arches and their corre­
sponding spines are evident at about the 14th
vertebra. Posteriorly, only the urostyle is com­
pletely ossified and the hypural plate is just
beginning to ossify.

A 7.95-mm. specimen is shown in figure 8.
The general shape of the body remains the same
as in the preceding specimen. The more obvious
developments are the almost complete separation
of the nasal openings, the deeper fork of the
caudal fin, and the darker and larger area of pig­
mentation on the first dorsal fin, which is now
almost completely pigmented, except for a nar­
row strip near its base. About 9 to 10 teeth are
present on each jaw and 3 teeth are noticeable on
the palatine bone.

While both the dorsal and anal fin rays are
represented only by striations, there are 13+ 13
caudal rays. The pelvic fins, aIt.hough complete

with 1 spine and 5 rays, are very short. The
rays of the pectoral fins are not distinct and
appear only as striations.

In a 9.2-mm. specimen there is no apparent
change in the head size, which is 37.9 percent of
the total 'length of the body (fig. 9). The anal
opening is at the midpoint of the body length,
and the snout appears longer, its length being
about the same as or slightly greater than the
diameter of the orbit. The nares are separate,
and both upper and lower jaws bear 12 teeth,
while the palatine bone has about 4 very small
teeth. Seven preopercular spines are discernible:
2 spines on the vertical edge, 2 spines at the angle,
and 3 spines on the horizontal edge.

The first dorsal fin has 10 spines and a slightly
convex outline. The rays of the second dorli:'al
fin are not dearly defined and no accurate count
could be made. There appear to be about 6 or 7
dorsal "finlet,s" and the anal fin has about 14
rays and 7 finlets, though the finlets are not com­
pletely formed and none of them is defini tely
separated from the others. The caudal fin has
14+15 rays, and the depth of the fork is about
one-third the length of the longest caudal fin ray.
The pelvic fins have the full adult complement of
spines and rays, the longest of which are nearly
as long as the longest spine of the first dorsal fin.

A stained specimen of 10.2 mm. shows 13 com­
pletely ossified vertebrae, and 13 more which are
only partly ossified. The first haemapophysis
appears on the 8th vertebra, and closed haemal
arches are present only on the 11th, 12th, and
13th vertebrae. On the 12-mm., stained spcci-

I MM.

FIGURE 8.- Neo/hun-nu8 7IIacropleru8, 7.95 mill. tot.al lengt,h.
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I MM.

FIGURE 9.-NeothwlI1l1s macropterns, 9.2 mill. t.otallength.

2MM.

FIGURE 1O.-Neothu"/l.1tUS mar.ropler1l8, 14.25 mill. total length.
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men all of the vertebrae are ossified, and they
number 18 prec.audals and 20 caudals, including
the urostyle. The first few vertebrae are begin­
ning to assume the hourglass shape of the adult
c.ent,rum. The haemal arc.hes are nnrrow, none
of them being as wide as the diameter of the
centrum at this stage of development.

At 14.25 mm. (fig. JO) the body is muc.h deeper,
especially near the insertions of the second dorsal
and anal fins. The triangular abdominal sac. is

large and elongate, and the anal opening is just
ant,erior to the insertion of the anal fin.

The head, which is 39.7 percent of t.he total
body length, appears very large, and the lengt.h
of t.he snout. is equal t.o the diameter of the orbit..
The nares are well sepnrat.ed, the round, anterior
naris being about one-third the size of the nearly
elliptical, posterior one. About 13 or 14 t.eeth.
are not.icenble on bot.h t.he upper and lower jaws
in t.he unstained specimen. Six preopercular
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TABLE 2.-Number and size range of larval Katsuwonus
pelamis colleded by the Hugh M. Smith in H.awaiian and
equatorial waters

4.5
3.4-3.6
4.6-5.0
3.5-ll. I

9.1.10.1
3.8
4.0

3.5-8.8
3.2-6.9
2.7-4.9

6.8.10.0
4.6
7.0

2.9-4. 5
3.3-8.0

4.6
6.5

Distorted.
3.1-4.0

4.5
3.6.4.6

4.6-5.6
7.2

2.8.3.0
3.0-5.4

4.0. 4.6
4.1-6.1

2.5. 5.0
4.0. 4.2
5.1-20. I

3.6
3.0
3.0
3.7

5. O-ll. 5
2. 7-ll. 5

8.1
4.0

5.0. 8.0

3.6
5.0
9.4
3.1

2.9-12.6
6.7

3.9. 8.0
5.0

5.5. 14. 9
6.5

3.5-5.1
3. S-ll. 5
3.0-8.0

4.1
10.9

3.4-6.3
6.6
3.9
6.1
4.2

6.0
4.4-7.0
4.0-6.0
3.5-4.5
3.6-5.5
4.5-6.5
3.5-8.5

2. 5 (?1-7. 55
4.1-7.65
4.0-5.6
3.2-6.5

?-8.0
3.6-8.8

9.86-12.5
3.6. 5.0
4.0. 6.6
6.2-8.8

3.7
3.5-3.7

2.5-12.5

Size mnge
(mm.l

I
3
3
4
2
I
I
8

24
17
2
1
I
6
6
I
I
2
4
1
2

3
I
2
9
2
S
2
2
4
I
I
I
1
8
3
I
I
2

I
I
I
I
6
I
2
I
2
2
3

21
7
I
I
3
I
I
I
1

[s•• figs. I and 2 for !oe'ltions of stations]

Cruise and station Number of
larvaP

HAWAIUN WATERS:
Cruise 6:No.L ._____________________ I

No.IA________________________________ 11
No. 2_~. ~_.__________________ 4
No. 4__________________________________ 10
No.5__________________________________ 14
No. 7__________________________________ 4
No. 8__________________________________ 9
No. 10__ .______________________________ 29
No. 11_________________________________ 9
No. 13_________________________________ 12
No. 15 • ._____ 13
No. 16 .________________________ 6
No. 18_________________________________ 27
No. 19_________________________________ 3
No. 20_________________________________ 2
No.22_________________________________ 2
No. 24 ._____________ 3
No.25 • ._____ I
No.27.________________________________ 4

1----1-------TotaL___ _____ _ ___ _ _ 164

EQTJATORIAL WATERS:
Cruise 5:No.2. _

No.4•• •
No.I!. _
No.H•• _
No. 16__ • _
No. 19_•• _
No.2L. • _
No.22 _
No. 23•• . .• _
No. 25_. _
No.26 . _
No.32_. •__ • _
No.3S • _
No.36 • • _
No. 37 _
No.38__ : _
No.42 • _
No.43 • _
No. 45 • _
No. 46 _
No.5L _

Cruise 8:No.I!. • _
No. 20_ •• _
No.25 • _
No. 77 _
No. 78 _
No. 79••• _
No. SO_. • • _
No.8L. • _
No. 54__ ._. • _
No. 85 • •
No.87 ••
No. 88. _
No.89. •__ • _
No. 90 • _
No.9L _
No.93. . _
No.94_. • _
No.95. _

Cruise 11:No.!._. .
No.6 __
No.9__ • __
No. 10 _
No. 11. . __
No. 12. • _
No.22. • • _
No. 23. __
No.24. __
No.26_._. ._ .... _
No.27 _
No.29_. • _
No. 3!.. _
No.33_. _
No.36•• .. _
No.37_. _
No.38__ • _
No.4L._______________________________ •
No. 42 . _~ __ . •. . __
No. 43 • _

spines are visible, but only the 2 longest ones at
the angle still project free from the preopercular
bone.

The first dorsal fin is composed of 14 spines and
the fin outline appears slightly convex. Both the
second dorsal and anal fins c(,msist"of 15 rays and
8 finlets. There are about 18+19 rays in the
caudal ·fin, but those near the anterior edges are
not clear enough to be counted accurately. The
pelvic fin is very large and is almost as long as t,he
pectoral fin, which now bears about 30 rays.

Pigmentation is beginning to resemble that of
juveniles. The large chromatophores over the
brain still extend over a relatively small area, but
numerous, very minute chromatophores appear
over the posterior part of the head and extend
posteriorly in a band to a point beneath the
insertion of the second dorsal fin. There is a patch
of similar pigmentation immediately behind the
opercle and dorsal to the pectoral-fin insertion.
Small chromatophores also line the posteroventral
margin of the orbit, while 5 to 6 large chromato­
phores are present on the surface of the opercle
posterior to the eye. Pigmentation over the
abdominal sac remains unchanged. while the first
dorsal fin is now completely pigmented. A faint
line of chromatophores is present along the bases
of the first and second dorsal fins, extending pos­
teriorly to about the second dorsal finlet. The rest
of the body has no pigmentation.

SKIPJACK (KATSUWONUS PELAMIS)

A total of 476 specimens of K. pe1amis measuring
from 2.3 mm. to 20.1 mm. was sorted from
plankton collections and examined (table 2). Also
studied were 34 specimens from 20.0 mm. to
43.0 mm. collected with dip net at night-light
stations in Kingman Reef lagoon in May 1951.

The smallest specimen that could be identified
positively as K. pelamis measures 3.7 mm. in
length (fig. 11) j this specimen appears somewhat
distorted in preservative. The body is elongate
with both the dorsal and ventral outlines taper­
ing evenly to the caudal end. The abdominal sac
is roundly triangular in shape with the anal open­
ing slightly anterior to the midpoint of the total
length of the body.

Although the snouts on other specimens of com­
parable size are rather pointed, this is not evident
here, probably because of distortion. The upper
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TABLE 2.-Number and size range of larval l{atsuwonus
pelamis collected by the Hugh M. Smith in Hawaiian and
equatorial waters-(Continlled)

[See IIgs. 1 and 2 Cor location oC stationsl

and lower jaws contain 4 and 6 teeth, respectively,
and there are 3 spines along the edge of the pre­
opercle, the middle one being the longest. The
pectoral fins are present, but are represented only
by a thin membrane, while the pelvic fins are com­
pletely absent. The median fins are represented
by a continuous membrane which begins at the
nape and continues around the caudal end to the

anal opening. No fin rays are developed, but a
few faint striations can be seen in the caudal
region.

Most of the pigmentation is subcutaneous.
About 10 small chromatophores are scattered over
a fairly large portion of the membrane covering
the midbrain. The dorsal edge of the abdominal
sac is pigmented with very small chromatophores,
while a very large one is evident on the anterior
edge. A single chromatophore is present along the
midventralline at about the 34th myomere. In
all specimens examined the presence of this chrom­
atophore is extremely consistent, although some­
times 2 or 3 replace the usual 1. The only dermal
pigmentation on this specimen occurs at the tip
of the lower jaw, where 2 to 3smallchromatophores
are noticeable.

A specimen of 5.35 mm. (fig. 12) shows some
advances in development. The head, representing
38.7 percent of the. total length, is very large in
relation to the rest of the body, and the sharply
pointed snout is slightly longer than the diameter
of the orbit. The length of the mouth is equiv­
alent to 71.6 percent of the head length, and is
much larger than that of N. macropteru.~of a com­
parable size. The teeth, 13 on the upper and 11
on the lower jaw, are well developed, and 6 spines
are present along the edge of the preopercle. The
pigmentation is now more extensive and covers
more than half the area of the midbrain. The
pelvic fins are seen only as small buds. No ver­
tebrae are formed as yet and myomeres are only
faintly visible. They number either 41 or 42.

Size range
(mm.l

9 3.5-6.0
1 3.1
1 3.3
1 3.0

14 3.4-10.3
2 5.0. 7.0
4 5.0-9.4 .
3 2.3-6.0
2 4.2. 9.0
3 3.5-5.6
7 4.0-6.2
8 4.0-4.6
2 3.5. 4.5
I 3.7
2 3.0
4 3.2-5.0
4 3.5-6.5
I 4.0

7 3.2-6.5
10 3.2-7.5
10 3.1-5.0
8 2.7-5.9
1 19.0
3 3.2-4.2
1 3.6
1 4.5

4. Ii
10.1

.~. O+(distortcdl.
5.4

312 2.3-20. 1

Numbel'oC
larvae

Cruise and station

EQUATORIAL WATER&-Continued
Cruise 14:No. 2 _

No. 4. _
No.7 . _
No. 8 _
No. 9 • _
No. 10 _
No. 12_. . _
No. 14 c__ • _
No. 17__ . . . _
No. 18.• _
No. 20. _
No. 21... • • __
No. 22 . . . _
No. 24 . _
No. 25... _
No. 29 •_. • _
No. 30 . _
No. 32 . __

Cruise 15:No. 6 • .. __ ._ ..
No. 7.. • . __
No. 8.. . __ . _._ . _
No. 9 . • _
No. 10 . _
No. 14 • • _
No. 15 . _
No. 17 _

Cruise 18:No. 5 • __ .. _
No. 6 _
No. 21. • _
No. 24 : • _

1----1------Total. _

I MM.

FIGURE ll.-Katsuwonus pelamis, 3.7 mm. total length.
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I MM.

FIGURE 12.-KatsltWOnllS pelamis, 5.35 lUlU. total length.

I MM.

FIGURE 13.-Katsu100nltS pelamis, 6.7 lUlU. total length.

The beginnings of the hypural plates are present,
and the urostyle has developed and is turned
upward.

The greatest change in a 6.7-mm. specimen (fig.
13) is in the first dorsal fin, where 4 spines have
developed, the first 2 being very distinc.t. The
only fin showing further development is the cau­
dal, which now contains 18 rays. The urostyle is
turned upward and the hypural plates are 'in a
more terminal position. These bones are not yet
ossified and do not take a stain.

The number of chromatophores over the mid­
brain has inc.reased to about 3:3, and 2 closely set.
ehromatophores are present over the forebrain,
well ahead of the main, pigmented area. One or
2 large, dermal chromatophores appear on the
side of the head near the dorsal end of the pre­
opercle, while the pigmentation on the abdominal
sac shows only a slight increase. No change is

shown by the single chromatophore on· the mid­
ventral line of the c.audal region, or in the 41
myomeres.

At 7.1 mm. (fig. 14), the body is very much
deeper and the head, composing 43.2 percent of
the total length of the body, is still large. The
snout length is almost equal to the diameter of
the orbit. Eight short spines are present in the
firs t dorsal fin, and the fin rays and' finlets of the
sec.ond dorsal and anal fins are beginning to de­
velop. These appear only as striations in the
membrane and cannot be counted accurately.
The membrane between the first and second dorsal
fins is beginning to degenerate, and there are
about 12+ 11 rays in the c.audal fin, the post,erior
edge of whic.h has just begun to fork.

Pigmentation over t,he brain is similar to that
on the previous specimen, but it extends over
almost the entire midbrain area. Two additional
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chromatophores appear: a small one on the lower
jaw, at about one-fourth of the jaw length pos­
terior to the tip, and another on the first dorsal
fin at the outer edge of the second interradial
membrane.

Several noticeable changes have taken place by
the time the species has reached a length of 8.75
mm. (fig. 15). The anal opening is now slightly
posterior to the midpoint of the total length of
the body. The head is still large, 41.3 percent of
the total length, and the snout, which is nearly
equal to the diameter of the orbit, is sharpJy
pointed. The growth across the nasal opening is
complete, thus forming 2 openings. The mouth
is large and represents 66.0 percent of the head

length. There are 16 to 18 teeth on both jaws
and about 5 on. the palatine bone.

Eight or 9 spines ar~ present in the first, dorsal
fin and, while their numbl;lr does not differ appre­
ciably from that in the 7.1-mm. specimeil, they
are nearly twice as long. There are about 10 rays
and 6 or 7 finlets in both the second dorsal and
anal fins. The pelvic fins are well developed,
with 1 spine and 5 rays, while "the pectoral fins
are only striated.

Changes in pigmentation 'consist, of the appear­
ance of a few more chromatophore& over various
parts of the body. Several dark chromatophores
are scattered on the tip of the. snout, and the
chromatophore on the lower ja", has mov.ed back

I MM.
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FIGURE 14.-Kats1ttllonus pela7llis, 7.1 mm. total length.

I MM.

FIGURE 15.-Katsutvonus pelamis, 8.i5 mm. total length.
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to about one-half the length of the mandjble.
The posteroventral edge of the orbit is lined with
about 10 small chromatophores, and about 6
fairlY.large, faint chromatophores are present on
the preopercular surface posterior to the eye.
Three or 4 small chromatophores also are notice­
able in the posttemporal region, while 6 to 8
chromatophores appear along the base of the first
dorsal fin and 1 near the second dorsal fin inser­
tion. The outer edges of the 3d through the 6th
interradial membranes of the first dorsal fin are
pigmented with about 6 large" ehromatophores.
Three chromatophores are also present along the
base of the anal fin.

Rapid vertebral development has occurred be­
tween the 8.0-mm. and the 8.8-mm. specimens,
both of which were stained. Only the urostyle is
ossified on the smaller specimen, while the larger
one shows complete ossification of the urostyle and
the first 11 vertebrae. The first haemapophysis
occurs on the 9th vertebra and the first closed
haemal arch on the 11tho

Very definite changes are seen in a 1O.9-mm.
specimen (fig. 16). The abdominal sac is still
roughly triangular, but the anal opening has
moved back toward the anal-fin insertion. The
nostrils are farther apo1't and, while the posterior
one is still elliptical in shape, the anterior one is
now smalle.r and more c~rcular.

There are 9 preopercular spines: 4 small spines
on the horizontal edge, 3 short spines on the verti­
cal edge, and 2 very long spines at the angle. All
of these, with the exception of the 2 long ones at
the angle, are completely overgrown by the
.preoperculax bone.

Fin development shows the greatest changes.
There are 13 definite spines in the first dorsal,
about 15 rays plus 8 finlets in the second dorsal,
and about 14 rays plus 7 finlets in the anal fin.
However, differentiation between the last fin ray
and the first finlet is not clearly defined. The
caudal fin rays number 16+16, and the"pelvic fins
show the full complement of 1 spine and 5 rays.

There is an increase in the number of chromato­
phores over the brain, at the tips of both jaws,
and along the posteroventral margin of the orbit.
The area posterior to the brain between the post­
temporal spine and the dorsal edge of the body
bears numerous small chromatophores, which ex­
tend backward along the dorsal margin of the body
and gradually disappear near the base of the first
dorsal finlet. Four small "chromatophores are pre­
sent along the base of the anal fin, and the single,
dark chromatophore still persists on the ventral
midline of the caudal peduncle. Six large chro­
matophores appear on the midlateral line of the
body between verticals through the second dorsal
insertion and the first dorsal finlet.

The vertebral count on a stained specimen of
9.85 mm. is 20 precaudal plus 21 caudal vertebrae,
including the urostyle. All of the vertebrae are
completely ossified, but none of the centra shows
the typical hourglass shape of the adult. The first
haemapophysis is on the 9th vertebra, and the
first closed haemal arch is on the 11tho There are
no inferior foramina along the vertebral column at
this stage of development.

At 14.5 mm. (fig. 17), the body does not appear
to be quite as deep as in the smaller specimens and
the head is smaller in relation to the body (37.2

I MM.

FIGURE 16.-Kat6uwonus pelamis, 10.9 mm. total length.
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2 MM.

FIGURE 17.-Katsuwonus pelamis, 14.5 mm. total length.
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percent of total length) than in the previous speci­
mens. The abdominal sac is elongate, and the
anal opening is very close to the insertion of the
anal fin.

The nostrils are further differentiated, with the
round, anterior nostril about one-fiith the size of
the triangular, posterior one. The mouth is rela­
tively smaller, 57.9 percent of the head length, and
bears about 15 teeth on the upper jaw and about
17 teeth on the lower jaw. Six teeth are also
evident on the palatine bone.

The dorsal fin has 16 spines, 15 rays, and 8
finlets, and the first dorsal has assumed the charac­
teristic concave outline of the adult fin. The
pelvic fins are very well developed and appear to
be a little more posterior than on previous speci­
mens. The pectoral fins have 20 rays, while the
well-forked caudal has 22+22 rays.

There are 20 precaudal and 21 caudal vertebrae.
The first haemapophysis appears on the 8th or 9th
vertebra, while the first completely closed haemal
arch is on the 12th. Neither the inferior foramina
nor the large haemal arches, which form what
Kishinouye (1923) calls the "trellis" and Godsil
and Byers (1944) call a "complex basket work,"
are developed.

Pigmentation is more extensive in all areas
described on previous specimens. The chroma­
tophores over the snout have increased in number
and line the entire length of the upper jaw.
Similarly, two-thirds of the length of the lower
jaw is also lined with chromatophores. The
midbrain is completely covered with dark, very-

. closely set chromatophores, and the small patches
439180 0-58-3

over the forebrain and on the side of the head
immediately 'posterior to the brain are more in­
tense. The 7 or 8 chromatophores on the surface
of the opercle, posterior to the eye, are very large
and noticeable. The pigmentation along the
posteroventral margin of the orbit is also more
intense and extends along nearly half the cir­
cumference. Dorsally, the band of chromato­
phores on the caudal trunk is much wider. It
tapers posteriorly and finally terminates near
the base of the 5th dorsal finlet. Si.... or seven
darkly pigmented spots are present on the outer
edge of the interradial membranes of the first
dorsal fin between the 2d and 6th spines. The
base of the anal fin is lined with tiny chromato­
phores, and 3 fairly large chromatophores are
present at the bases of the first 3 anal finlets. A
band of small chromatophores is also present on
the midlateral line beginning at a vertical through
the second dorsal insertion and extending to a
vertical through the base of the 4th dorsal finlet.
The single, large chromatophore at, the midventral
line of the caudal peduncle still persists, as do the
large chromatophores over the dorsal half of the
abdominal sac.

A 20.0-mm. specimen, which is not illustrated,
was taken at a night-light station in Kingman
Reef lagoon, and this individual already shows
the characteristic appearance of the juvenile
form. The body is narrow and long, with the
greatest depth located at a vertical through the
pelvic-fin insertion and ~qual to about one-fourth
the total length. The head length is about one­
third the total length; and the snout still retains
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the rather sharply pointed profile. Except for
the increase in pigmentation over the body, this
specimen resembles the 14.5-mm. one very closely.
A stained spec.imen of a similar size shows the
dorsal fins with 16 spines, 15 rays, and 8 finlets,
and the anal fin with 15 rays and' 7 finlets. The
pectoral fins consist of 20 or 21 rays and the caudal
fin has 22+22 rays. The vertebrae number 20
precaudals and 21 caudals, with the first haemapo­
physis on the 9th and the first closed haemal arch
on the 11th vertebra. The inferior foramina are
just beginning to form on the 13th through the
22d vertebrae, but they are not yet completely
closed.

This description agrees very closely with Schaefer
and Marr's (1948b) 21-mm. specimen and also
with Kishinouye's (l926) 26-mm. specimen. Ex­
amination of other stained specimens (22 mm.,
27 mm., 33 mm., and 49 mm.) shows that many
of the adult complement of meristic characters
have appeared by the time the species has reached
27 mm. in length. The inferior foramina are
completely closed on the 14th through the 33d
and 34th vertebrae in the 27- and 49-mm. spec.i­
mens, respectively. The foramina are slightly
increased in size on the latter specimen, but the
trellis is still not evident.

LITTLE TUNNY (EUTHYNNUS YAlTO)

No specimen of E. yaito was recognized in our
collections. The following description is based
on more than 100 larvae, believed to be Euthyn­
nus, which were taken in East Indian waters
during the Dana Expedition of 1928-30. The
largest specimen (12.25 mm.) has 39 vertebrae

~ .:: ~~. .. ".
. ~:;;.f'
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and seems identical in external appearance to the
two E. lineatu8 (21 and 26 mm.) taken by the
California Department of Fish and Game from
the waters off Costa Rica and also to the juveniles
of 20 E. alletteratu8 (25 to 55 mm.) taken by the
U. S. Fish and Wildlife Service, Gulf Fisheries
Investigations, from the Gulf of Mexico. That
the larva is definitely not E. lineatu8 can be seen
from the vertebral count, for E. lineatu8 normally
has only 37 vertebrae. Positive identification,
either as E. yaito or E. alletteratus, would be
relatively easy if the gill rakers were fully de­
veloped. Since they are not, the larva was desig­
nated as E. yaito because this species occurs in
the central and western Pacific Ocean, while E.
alletteratu8 is found in the Atlantie Ocean and the
Mediterranean Sea.

The 8mallest specimen identified as E. yaito
measures 4.6 mm. in total length (fig. 18). The
head lengt,h is moderate (33.9 percent of the total
length) and there are 40 myomeres. The abdo­
minal sac is nearly triangular in shape, as in the
two previous species.

The mouth, representing 71.9 percent of the
head leng-th, is fairly large and contains 12 and 9
teeth on the upper and lower jaws, respectively.
The snout is comparable to that of" K. pelami8 of
similar size, and the distance from its tip to the
anterior edge of the orbit is almost equal to the
diameter of the orbit. There are 3 long spines
along the posterior edges of the preopercle, the
one at the angle being the longest.

Most of the median fins show very little develop­
ment, there being about 4 or 5 rays in the caudal
and only strong striations representing rays in the

FIGURE 18.-Elllhynnu8 ya-ilo, 4.6 mm. total length.
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region of the future anal and dorsal fins. The
pectoral fins also show only striations, and the
pelvic fins are absent.

The pigmentation on the head consists of 3
small chromatophores over the forebrain and
about 15 chromatophores over the midbrain.
There is a single small chromatophore at the
middle of the mandible and another at the symphy­
sis of the pectoral girdle, which is not shown in the
drawing. There is no pigmentation along the
dorsal edge of the trunk, but 5 chromatophores
are present along the ventral margin of the trunk
near the caudal region.

A 5.5-mm. specimen (fig. 19) ·shows marked
changes. The proportions of the head, snout,
and mouth closely resemble those of K. pelamis
(see table 4, p. 53). The mouth now contains 13
and 15 teeth in the upper and lower jaws, respec­
tively, and the preopercular spines have increased
to 6.

There are 5 short spines in the first dorsal fin
and about 9 rays in the caudal. The rest of the
median fins and the pectorals still show only
strong striations. The pelvic fins are just emerg­
ing as small buds.

Pigmentation is more 8."\':tensive over the mid:­
brain and over the abdominal sac. There is also
an increase in the number of chromatophores at
the tip of the snout and lower jaw, and the single
chromatophore at the middle of the mandible and
that at the pectoral symphysis are still evident.
In addition, 2 small chromatophores are present
on the ventral midline just anterior to the anus,
and a single conspicuous chromatophore is present
in the first dorsal fin. The dorsal midline of the
trunk is still free from pigmentation, while the
ventral midline shows 3 well-separated chromato­
phores in the region of the future anal finlets.

Some noticeable changes are present on the
7.6-mm. speeimen (fig. 20), the most prominent

FIGURE 1!).-Euthynn·U8 yaito, 5.5 mm. total length.

. I
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FIGURE 20.-Euthynnu8 yaito, 7.6 mm. total length.
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of these being in the pigmentation. The first
dorsal fin is almost completely pigmented and the
anterior half of the mandible hp.al's a series of
4 or 5 chromatophores.

The head is still large (39.8 percent of the total
length) and the length of the snout is much
greater than the diameter of the orbit. There are
ahout 16 teeth on both the upper and lower jaws,
and 7 spines are noticeable on the posterior edge
of the preopercle.

The first dorsal fin has 8 spines, the length of the
longest spine being slight,ly less than half the
distance between the dorsal-fin insertions. The
second dorsal and anal fin rays are beginning to
form and, while the rays themselves are not clearly
evident, there appear to be about 11 radials in
the second dorsal and 12 in the anal. The radials
of the first 7 dorsal finlets and first 6 anal finlets
are also evident. The caudal fin shows 9+9 rays,
and the pelvic fins, although very small, are com­
plete wit,h 1 spine and 5 rays. Only about 5 rays
are noticeable in the pectoral fins. The myo­
meres remain the same (40 or 41) as in the previous
specimen. .

A 9.6-mm. specimen (fig. 21) already shows a
close resemblance to the juveniles of E. lineatus
(21 mm.) and E. alletteratus (25 mm.), insofar as
pigmentation is concerned. The first dorsal. fin
is heavily pigmented, and the pigmentation at the
tip of the.snout is more exte.nsive. The numbe.r of
chromatophores along the lower jaw has increased
and chromatophores now extend over two-thirds
of the length of the mandible. The chromato­
phore at the symphysis of the pectoral girdle still

persists, and the pigmentation over the rest of
the body remains unchanged.

The relative sizes of the head, snout, and mouth
are sOqJ.ewhat smaller than those of K. pelamis and
N. macropterus, and only 6 spines are evident
along the preopercular edges..

There are 13 spines in the first dorsal fin, the
length of the longest spine being gre.ater than half
the distance between the dorsal-fin insertions.
The second dorsal and anal fins each conta.ins 13
rays. The finlets are poorly developed, but 8 and
7 finlet radials are clearly evident in the dorsal
and anal, respectively. The rest of the fins also
show an increase in the number of rays.

The largest specimen (not figured) in the series
measures 12.25 mm. (tables 4 and 5). Its head
is large (40 percent of the total length) and the
length of the snout is greater than the diameter
of the orbit. The mouth is also large, much mOre
so thn.n in K. pelamis and N. macropteJ'us. and
contains 25 and 28 teeth in the upper and lower
jaws, respectively. Staining with alizarin reveal­
ed 39 (20+19) vertebrae.

The unpaired fins now have their full comple­
ment of spines and rays, with 15 spines in the first
dorsal and 14 rays ,in the second dorsal, and 8
dorsal finlets. The anal fin contains 14 rays and
7 finlets. The longest spine in the first dorsal fin
measures about half the distance between the
first and second dorsal-fin insertions.

The entire first dorsal fin from the first to the
tenth spine is completely pigmented. Small chro­
matophores are present along the base of the first
dorsal fin and over the nape. A series of 4 widely

FIGURE 21.-Eltthynnu8 yailo, 9.6 mm. total length.
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TABLE 3.-Number and size range oj larval Auxis thazard
collected by the Hugh lVI. Smith in Hawaiian and equa­
torial waters

[See figs. I and 2 for loratioll of stntions)

2.6
4.2.5.5

3.6
3.1
7.2
4.0

2.6-7.2

3.6
6.2

2. &-8. 2
2.7-3.7

.7.02.8.1
3.0-5.2

2.&-8.2

Size range
(mill.)

8

CruIse and station NUlllbrr of
lal'\'ae

EQUATORIAL WATERS:
CruiSl' 5:

No. 21.____________________________________ 2
No. 51. .____________ 2

CruiSl'14:No. 26. _
No. 29 . • _

Cruise 15: No.3 _
Cruise 18: No. 31.. _

1----1·----'rotaL . • _

Since the snout is distorted, no comparisons of
the head parts can be made. However, the snout.
appears very short. and blunt and the mouth
contains only 5 teeth, 3 OIl the upper jaw and 2 on
t.he lower. Only 3 preopercular spines are notice­
able, the middle one at the angle being the longest.
Two small spines are also present on the preoper­
cular surface.

The median fins are represented by a continuous
fin membrane which starts at the nape and goes
completely around the caudal end to a point
slightly anterior t.o the anal opening. The pec­
toral fins are also membranous.

The pigmentation is most striking along the
ventral midline of the caudal trunk, where 9 small,
dark chromatophores are present. While the
figured specimen shows a dark chromatophore on
the dorsal midline of the caudal peduncle and 2

HAWAIIAN WATt:RS:
Cruise 6:No.IA ._______________________________ 1

No. 7______________________________________ 1
NO.8 __ .___________________________________ 4
No. 10_____________________________________ 10
No. 11 • _ _______ ___ ___ 2
No. 13_____________________________________ 12

1----1·----TotaL ____ __ __ ___ ___ 30

1===1='==

FRIGATE MACKEREL (AUXIS THAZARD)

Of the 38 specimens of A. thazard taken by the
Hugh M. Smith (table 3), only a few specimens
were in suitable condition to permit accurate re­
production. Consequently, specimens from the
Dana collection from the East and West Indies and
the Gulf of Panama were used to complete the
series.

The 3.7-mm. specimen (fig. 22) described here
as probably A. thazard is typical of the other speci­
mens in the group ranging from 2.5 to 4.0 mm. in
table 3. It has a short head with a very elongat.e
body containing 39 myomeres and tapering very
gradually toward the caudal end. The abdominal
sac is triangular in shape with the anus located
well forward of the middle of the total body length.
The greatest depth of the body is at the symphysis
of the pectoral girdle, where it is about one-fourth
of the total body length.

spaced chromat.ophores is seen along t.he posterior
base of the second dorsal fin and the bases of the
first 3 finlets. Similar pigmentat.ion is also present
at the bases of the last 3 anal rays and the first
3 finlets. The lower jaw contains 8 well-spaced
chromatophores distributed over it.s entire length,
while the rest of the pigmented areas remain as
in the 9.6-mm. specimen.

This last specimen has the same pigmentation as
the 21-mm. and 26-mm. specimens of E. lineatu8
taken from the wat,ers off Costa Rica by the Cali­
fornia Department of Fish and Game. The only
major difference is in the number of vertebrae,
37 (20+ 17), for the 21-mm. Costa Rican specimen
as compared with 39 (20+ 19) for. the 12.25-mm.
specimen just described.

I MM.

FIGURE 22.-'--Auxis thazard (?), 3.7 mm. total length.
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more well-spaced and very light chromatophores
near the middle of the body on the dorsal edge,
other specimens show only the one on the caudal
peduncle. On some specimens even this single
chromatophore is absent. Several dark chromato­
phores are present along the posterior margin of
the midbrain, and the very small chromatophores
at the tip of the lower jaw are barely noticeable.
The abdominal sac is pigmented regularly as in
the other species, with most of the pigmentation
concentrated along the anterior and dorsal sur­
faces. A single conspicuous chromatophore is
present just anterior to the anal opening, and in
this specimen the symphysis of the pectoral girdle
does not show any pigmentation.

The smallest specimen identified confidently as
A. thazard measures 4.5 mm. (fig. 23). The head
is moderate (34.2 percent of the total body length)
and the body contains 40 myomeres. The snout
is short, slightly over three-fourths of the diameter
of the orbit, and the mouth is moderately large
and 'measures almost, two-thirds of the head
length. There are 5 small teeth on the upper jaw
and 4 on the lower. The posterior edge of the
preopercle bears 3 spines, the longest one located
at the angle.

The pigmentation on the head consists of 6 large
chromatophores over a small area of the midbrain
and a faint tinge of pigment at the tip of the lower
jaw. A single chromatophore is present at the
symphysis of the pectoral girdle and another just
anterior to the anus. The triangular abdominal
sac is pigmented regularly, similarly to the three
preceding species. A series of 2 to 3 chromato­
phores is present along the middorsal, midlateral,
and midventral lines of the caudal region. In

addition, 7 well-spaced chromatophores are present
on the posterior half of the trunk along the mid­
ventral line.

The unpaired fins are represented by a continu­
ous membrane and except for the caudal fin, where
10 rays are evident, none of the others shows any
fin rays. The pectoral fins are also membranous
and the pelvic fins are absent.

Only a few changes are noticeable on a 5.5-mm.
spe.cimen (fig. 24). The head is small and the
moderate mouth, representing 60.3 percent of the
head length, contains 12 teeth on each jaw. The
snout is somewhat pointed and the distance from
its tip to the anterior edge of the orbit is about
four-fifths the .diameter of the orbit. There are
6 spines along the edge of the preopercle and a
small spine is visible in the posttemporal region.

The fins, except for the pelvics, which appear
as small buds, show relatively little change from
the specimen described above.

The pigmentation on the head consists of about
13 chromatophores which are closely grouped
over the midbrain, the rest of the head being
unpigmented. The abdominal sac remains the
same as in the previous specimen. A series of 2
to 4 chromatophores is present along the mid­
dorsal, midlateral, and midventral lines of the
caudal region. In addition, 2 widely spaced
chromatophores are present along the ventral
midline anterior to the caudal pedunde.

Further changes are apparent, on a 7.05-mm.
specimen (fig. 25). The head is slightly larger
and the anus is at the middle of th~ total length
of the body. The snout is pointed and is almost
equal in length to the diameter of the orbit.
The mouth is large and represents 61.4 percent

I MM.

FIGURE 23.-Auxis thazard, 4.5 mm. total length.
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FIGURE 24.-A1IXis thazard, 5.5 mOl. total length.

I MM.

FIGURE 25.-A1IXis thazard, 7.05 mOl. total length.
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of the head length. Sixteen to seventeen promi­
nent teeth are present on each ramus of the upper
and lower jaws, and 1 tooth is evident on the
palatine bone. There are 7 preopercular spines:
2 spines on both the vertical and horizontal edges
and 3 long spines at the angle, the middle one
being the longest. The single posttemporal spine
now has 4 prongs.

The first dorsal fin has 8 spines, the second
through the fourth spines being longer than the
first. The length of the longest spine is less than
one-third the distance between the insertions of
the first and second dorsal fins. About 10 rays
are present in the second dorsal fin, followed by
6 or 7 dorsal finlets. The anal fin contains about
6 rays and 4 to 5 finlets, while the caudal fin
with 10+11 rays is just beginning to fork. The
pectoral fins have 7 rays, and the well-developed
pelvic fins have 1 spine and 3 to 4 rays.

The pigmentation over the head and the ab-

dominal sac is more extensive than on the previous
specimen, and the chromatophol'es 9n the caudal
region now number 6, 5, and 4 along the mid­
dorsal, midlateral, and midventral lines, respec­
tively. The chromatophore at the symphysis of
the pectoral girdle is still present, but the single
chromatophore anterior to the anal opening is
absent. In addition to these, only 1 very faint
chromatophore is present on the side of the head
near the dorsal origin of the preopercle.

After staining, the 7.05-mm. spec.imen shows 11
completely ossified vertebrae. From the 12th
through the 15th vertebrae only the bases of the
neural and haemal arches are ossified. The uro­
style is completely ossified, while the 2 preceding
vertebrae are only partially so. There are 40
myomeres on this specimen.

Except for a slight increase in pigmentation,
an 8.20-mIil. specimen (not figured) shows devel­
opment similar to that of the 7.05-mm. specimen
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just described. The most noticeable differences
are the absence of the chromatophore at the
symphysis of the pectoral girdle and the presence
of a few small chromatophores on the first dorsal
fin.

A 9.7-mm. specimen (fig. 26) has the same
general appearance as the preceding specimen.
The head (34.7 percent of the total length) ap­
pears small, while the anus is now located in the
posterior half of the body.

There are 9 spines in the first dorsal fin, the
length of the longest one being less than one-fourth
the distance between the insertions of the first
and second dorsal fins. There are 12 rays in the
second dorsal followed by 8 dorsal finlets. The
anal consists of 10 rays and 7 finlets. Each
pectoral fin contains 15 rays, while the pelvics are
complete with 1 spine and 5 rays. The caudal
fin consists of 12 dorsal and 13 ventral rays.

Only slight changes are noted in the pigmenta­
tion, with 3 chromatophores present over the
forebrain, lover the tip of the snout, and a few

scattered chromatophores over the preopercle.
The series of chromatophores along the middorsal
line has increased to 16 and extends almost to the
insertion of the second dorsal fin. Similarly, the
chromatophores along 1d1e midventral line also
have extended. forward to the middle of the anal
fin. The midlateral series contains 7 chromato­
phores.

The 11.2-mm. specimen (fig. 27) differs in
several ways from the 9.7-mm. specimen. The
head and snout appear much smaller than those
of the three previous species. The mouth, how­
ever, is moderate (representing 58.6 percent of the
head length) and contains 21 and 18 teeth on
the upper and lower jaws, respectively. The
anus has moved back sti1l further, and the abdo­
minal sac has become more elongate. The nasal
depression has completely divided into two sepa­
rate nostrils, the anterior one being associated
with the nasal rosette.

The dorsal and anal fins and finlets have the
full complement of spines and rays, and the

I MM.

FIGURE 26.-Al/Xis thazard, 9.7 mm. total length
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FIGURE 27.-Aux/:s thazard, 11.2 mm. total length.
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TABLE 4.-Com7Jarison of body proportions among larvae
of lour s7ler.ies of tuna, by total length

(Astel"lsk (0) indirotl's measurements not accurate; snout distorted
In preser'mtion]

°59.4
65.4
60.3
63.1
61. 4

°66.7
85.0
81. 5
88.2
90.7

,'[111.
°3.7U
4.50
5.50
6.25
7.05

Parent
·25.3
34.2
35.8
33.0
39.4.

Auxi8
thazard

Ellthyn­
n1l8
yailo

Kat811'
lOonU8

pelami8

Neothun·
nU8

rnacrop·
tau8

Slr.e group

Total length oC specimeu: ,\1m. .Um. ,\1m.
3 mm________________________ 03. 90 03. iO . _
4 mm .___ 4.6U
5 mm .• 5.50 5.35 5.50
6 mm.. 6.40 6.70 6.00

, 7mm • .____________ 7.15 7.10 7.60
8mm________________________ 7.95 8.75 8.00
9 mm ._______________________ 9.20 • 9.60 9. iO

!i §E~~~~~~~~~~~~~~~~~~~~~~~ ::::~~~~: ::::i~~~~r~~~~~~~~ :::::~~~~

Hcad length/ total length: Percellt Perrent Percellt3mm•• •. °31.2 °28.3 _
4 mm •• ._. • 33.9
5 mm :___________________ 36.8 38.7 37.7
6 mm_.______________________ 32.4 38.5 41. 7
7 mm________________________ 3.~.2 43.2 39.8
8 mm .____ 36.4 41.3 38. 8
9 mm_. 37.9 33.5 34.7
10 mm_________________ 38.4 36.2
11 mm • • 36.3
12 Illlll. . . . • 40.0 _
14mm ._______________ 39.7 37.2 • • •

Mouth length/head length:
3 mm________________________ °57.8 °69.7 _
4 mm • 71.9
5mm_. • .__ 60.1 71.6 72.0
6mm_. .___________ 57.0 68.2 66.U
7 mm .___________________ 1\2.1 68.6 67.1
8 mm_.______________________ 60.5 66.0 61.3
9mm • •. _ 61.9 59.1 56.9
IOmm_______________________ 67.9 .__ 55.7
11 mm ._ 58.6
12 mm . •__ • 65.3 • •
14 mm ... 56.9 57.9 ••

Snout length/orbit diameter:
3 mm________________________ °65.0 °75.0 _
4 mm • .• • 99.9
5 mm._______________________ 68.9 103.6 103.6
6 mm________________________ 70.5 98.2 105.8
7 mm________________________ 86.2 94.1 117.4
8mm. ._'________________ 82.7 93.9 91.3
9 mm________________________ 104.3 91.6 86.4
10 mm ._____ 103.4 78.6
11 mm . • 88.4
12mm •• • • 112.9 _
14 mm __ •__ ._________________ 100.6 87.5 __ . •

anterior to the anal openihg. The occurrence of
these chromatophores is somewhat variable, and
in som~ instances either one of the two may be
absent. Nevert,heless, the presence of either one
is quite conclusive evidence that the speeimen is
either E. yait.o or A. thazu'l'd, since no other spec.ieB
examined has these chromatophores. Mead
(1951), in his descriptions of A.. thazal'd and E.
l'ineatu8 from the Pacific eoast of Central America,
found that the chromatophore at the symphysis
of the peetoral girdle was present in the majority
of his specimens. Wade (1951) did not mention
this chromatophore, but our examination of the
larvae collected by him from Philippine waters
showed it to be regularly present on spec.imens
whieh he designated as E. ya.#o and A.1£xi8 sp. (?),
and absent from K. pelami8 and N. macl'Opteru8.
Besides this character, E. yaito and A. thazard

COMPARISON OF SPECIES

It is extremely difficult, if not impossible, to
differentiate the larvae of various species of tuna
by using the methods employed in identifying the
adults. Measurements and meristic counts are
not applicable because the larvae are undergoing
rapid growth and differentiation. Development is
apparently so rapid that even specimens of com­
parable sizes show marked differences in many
characters.

During this study it was found that certain
chromatophores and patterns of pigmentation
persisted throughout the size ranges examined,
and these markings seemed much more reliable
than the other characters. Consequently., iden­
tification and description of the various species
were based primarily on' pigmentation, and the
other characters were used only supplementally
(tables 4 and 5).

Among the four species described, E. yaito and
A. thazard can be separated from N. macropteru8
and K. pelamis quite readily by the pigmentation
of. the body. Larvae of both species bear a single
chromatophore at, the symphysis of the pectoral
girdle and another on the midline of the body just

4391800-58--4

length of the longest spine of the first dorsal fin
is slightly less than one-third the distance
between the first and second dorsal-fin insertions.
The pectoral fins ha~e 19 or 20 rays, while the
caudal fin consists of 14+14 rays.

There are quite a few changes in the pigmenta­
tion at this size. The first dorsal fin contains 3
large chromatophores, and the pigmentation over
the dorsal edge of the body now extends to the
origin of the first dorsal fin. Other areas showing
increased pigmentation are the snout, midbrain,
and posteroventral malogin of the orbit.

The 11.2-mm. specimen has 7 rather weak spines
representing the future subcutaneous spines of the
dorsal interspace (Schaefer and Marl', 1948a).
The spec.imens of juvenile A. thazard measuring
between 11 and 50 nun. from Costa Rica, Colom­
bia, and the 'Galapagos Islands also have weak
spines in the dorsal interspace. In many instances
these spines project freely and are easily seen.
On the basis of all characters considered, the
larvae described here are identical with the
juveniles of A. thazard from the coastal waters of
Central America.
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bear a series of chromatophores (3 or more) along
the ventral midline of the caudal trunk.

Three, or possibly four, distinctive patterns of
pigmentation permit the separation of E. yaito
from A. thazard. The first dorsal fin is generally

,more heavily pigmented. in E. yaito. The first
sign of this pigmentation is seen on a 5.5-mm.
specimen with the appearance of 1 faint chro­
matophore. When the species is about 7 mm.

in length the distal half of the first dorsal fin ap­
pears black. The pigmented area increases with
growth of the larva and the entire fin is almost
completely pigmented at about 12 mm. In A.
thazal'd this pigmentation does not start to appear
until the species has at,tained a lengt,h of about
10 mm. An 11.2-mm. specimen has only 2 or 3
faint chromatophores near the distal edge of the
fin membro.ne.

TABLE 5.-Summary of the more promInent diagnos/.ir. characters of tuna larvae at I'al'ious sizes, by species

Charactcr NtothunnuB lnorropterus KatBulOonus ptlamis EulhynnuB ,aito A uzis thazord

3.9mm. 3.7mm. 4.6mm.
'

4.5mm.1

I chromatophore.. _
No chromatophores. __ • _
15 chromatophores over large

area.
3 chromatophor~. _
I chromatophore at middle._

Tip of pectoral girdle. •_. _. do_•. •. __ ___ _ ____ No chromatophores _
Anal opening . _. do._ .• do_._. .. . _
Midbrain . 4chromatophores cver small 10 chromatophores over large

area. area.
Forebrain _ __ No chromatophores • No chromatophore&- _
Mandible Cother tban at tip)--- do•• ;_ •• . do_ •••. .. __ . _

Midventralline•. . <10 ._. I chromatc.phore on can<lal
peduncle.

Teeth._. . . . Not clearly seen ,___ __ __ 4 npper; 6 lower___ 12 upper; glower .__ 5 upper; 4 lower.
Preopercular spines. __ _ 3. . _. _.. _. . ___ 3. • . __ __ 3___ ___ _____ _ 3.

i:lg~:~~Pines:: :::::::::::::::: _~~~~.t_ ~~:::::::::::::::: :::: •~~~~'~I~.~:::: :::::::::::::: _~~:::: ::::::::::::::::::::::: _~~: . _
1st dorsal fin outline••• • •. __ • __ . __ .. . . . • -~ _
PigmentMion:1st dorsal fin_ •• . __ . . • .. . __ . c • . _

Middorsalline••• . No chromatophores No chromatophores No chromatophores_.. 2 chromatophores on caudal
pednncle.

Midlateralline . . _•• •. do • .do .. do__________ _ 3 chromatophores on caudal
pedunclp.

5 chromatophores on poste· 3 chromatophores on caudal
rior hall of body. peduncle; 7 to middle of

bodY
I chromatophore.

Do.
6 chromat.ophores over ~mall

area.
No chrumatophore~.

Do.

5.5mm. 5.35 Mm. 5.5mm.1 5.5mm.

I chromatophore _
2chromatophorps . . __
18 chromatophores over wide

area.
3 chromatophores _
I chromatophore at middle__

Tip of pectoral girdle. .. _do_____ __ _ No chromatophores. _
Anal opening... • ._010 '. _do . ..
Midbrain _ 14chromatol'horesoversmall 24 chromatophoresoverlarge

area. area.
Forebrain _00 ._ __ __ No chromatophores. __._ No chromatophores __ • _
Mandible Cother than at tip). do • . . _ ... __ do _

Teeth. . _. • __ __ 8 upper; 4 lower__ . . _ 13 upppr; 11 lower. _ 13 upppr; 1510\\'er .. __ 12 each jaw.
Preopercular spines- _. __ • 6. .. _. _. _ 6 .. ____ _____ _ 6. _ ____ _ ___ __ 6.

i':l8::::r~pjne~:::::: :::::::::::: _~::: :::::::::::::::::::::::: _~~ _~~ ~~:::::::::::::::::::::: ~? r~n~est:-spiiie- <~rdoi-sai -_~~~~~.t.~~:._.. . _
interspace.'1st dorsal fin ontline__• . • . . • • . . • .. ... . _

Pigmentation:1st dorsal fin. _. ._ .. . • . . __ _ __ I chromatophore. .. .. _
Middorsal line __ ._00 __ . __ . No chromatophores- No chromatophores- •• No chromatophores. _. 3 chromatophores on candal

pednncle.
Midlateralline .. do .. do • • do.. ... 2-3 chromatophores on cau<lal

peduncle.
Mldventralline do I chromatophore on candal 3 chromatophores at bases 4 chromatophores on caudal

peduncle. anal and flnlets. peduncle; 2 near mid<lle of
body.

I chromatophore.
Do.

13 chromatollhore~ ovpr mo<l·
erate area.

No chromatophores.
Do.

7.15mm. 7.1mm. 7.6mm.1 7.05mm.

Teeth. .. Io-Uupper; 6-7 lower .. __ 15 each jaw... __ .____________ 16 each jaw__ .___________ _ 16-17 each ja\\'.
Preopprcular spines_ ___ ____ 6 • .... ____ 7__________________________ __ 7 ._ 7.
M)'omeres .. _ 40 , __ __ __ 41. _•. ,. _ 40 or 41.___ _______ _ 4P..
I~t dorsal spines .. 7; lonllept spine <~~ dorsal ~; longest spinp <~li dorsal 8; longest slline <l-i dorsal 8; lonl'est spine <~. dorsal in·

interspace.' • Interspace.' interspace.' ter~pace.'1st <lorsal fin ouUine .. ... . . _
Pigmentation:

1st dorsal fin __ • . .__ 6 chromatophores I chromatophore __ .: Almastcompletely pigmented. No chromatophores.

Middorsal line __ .______________ No chromatophores_ No chromatophores ._____ No chromatophores. _

Midlateralline do. . . do • .o1n .. _

Midvent.ralline. • 010.. .. I chromatophore on caudal 2chromatophorps-wellsep·
peduncle. arated.

Tip of pect.oral girdle. .. <10.. _.. ____ __ ___ __ ____ ___ No chromat.ophores __ •• ___ __ I chromatophore .
Anal opening.. . .. do .. <10 . __• <10 __
Midllrain __ .. 50+ chro1l1atophores o\'er 50 chromatophorps over large 45 chromatophores o\'er en·

small area. area. tire area. .
Forehrain .. .. ___ ___ __ __ ____ No chromatophores. _ 2 chromatophores . 3 chromatophores __ • __
Mandible (other than at tip) Ao ._________ I chromatophore H distance 4-5 chromatophQres over an·

from tip. terior hair.

6 chromatophores on caudal
peduncle.

S chrn1l1atnIJhores on caudal
pe<lllncle.

4 chromatophores on caudal
pe<luncle. .

I chromatophore.
No chromatophores.
25 chromatophores over 1110<1·

erate area.
No chromatophores.

00.

See footnotes at end of table.
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TABLE 5.-Summary of the more prominent diagnostic characters of tuna larvae at various sizes, by species-Continued

Character NeotllufiflUII macropteru, Kot"ulOonu. pelam;, Eutli'f1f1U1 /laito A tl",i, tliazard

7.95mm. 8.75mm. 8.0mm.1 7.7mm.1

4 cbromatopbores on caudal
peduncle.

6 cbromatopbores at bases anal
and flnlet.

1 chromatopbore.
Do.

About 25 chromatopbores over
fairly large area.

No chromatophores.
Do.

2 cbromatophores at bases
anal and f1nlet.

1 cbromatopbore. _
No chromatopbores•• . _
About 46 cbromatopbores

over entire area.
5-6 cbromatopbores.• _. _
5 cbromatophores over an·

terlor ball.

Midlateralllne ._. . do . . ._

Mldventrsll1ne__ . . . do. . . 3 chromatopbores at base
anal; Ion caudal peduncle.

Tip of pectoral glrdle ._. do. __ .. __ ._ . .• _ No cbromatopbores ._ "'_
Anal openlng . . __ .._._ ._. __ do __ ... __ • ._. _._ . do . _.. __ . . __ \ ._._
Mldbraln_ •• . ._._. 22 ebromatophores over 45 + cbromatophores over

small &rea. wide area.
Forebraln. . ._ __ No chromatophores•• _. 2-3 chromatophores•. ..
Mandible (other than at tlp)_. do. . ._____ _ 1chromatophore ~j distance
. from tip.

Teeth ._... . 9-10 each Jaw __ .. ___ _ 16-18 each Jaw__ . . __ ___ 18 upper; 19 lower ._._.___ 16 upper; 17 lower.
Preopercular splnes . 7__ . . . _. __ __ 7. .. .. .____ ___ __ 7 . . . .___ 7.
Myomeres . __ . _. •__ . 40 • • 41-42 . . • . _. _ 40 • . _. ._._ 40-41.
Istdorsalsplnes . •__ . 7_. • . .. _. 80r9_. . ._. 10; longest splne=~ dorsal 6: longest splne-» dorsal In·

Interspace.' terspace.'1st dorsal fin outllne_. . ... . _._ .: . . __ . ._. . ._ . . . . • .• __ .. •
Pigmentation: .

1st dorsal IIn.• .__ _ Almost entire belght to 6th 6 chromatophores on outer Larlle cbromatopbores on No chromatophores.
spine. fin edge. outer 'i of lin.

Middorsalllne.. ._. Nocbromatophores_ .. tl-llcbromatopbores at base Nochromatophores__ . __ .. _. 8 chTOmatopbores on caudal
1st dorsal; 1 at origin 2d peduncle.
dorsal.

No cbromatophores.• . do __ . __ . ._._

11.2mm.1

9.7mm.1

13 upper; 14 lower.
7.
40 myomeres.

9; longest spine <~ dorsal
Interspace.'

Convex(?).

No chromatophore•.

5 cbromatopbore. on caudal
peduncle; 11 chromatophores
at bases 2d dorsal and lin·
lets.

7 cbromatopbores on caudal
peduncle.

3 cbromatopbores on caudal
peduncle; 6 cbromatopbores
at bases anal and IInlets.

1 chromatopbore.
2 chromatopbores.
About 25 cbromatophores over

large area.
3 cbromatopbores.
No cbrolDatopbores.

9.6mm.1

17 upper; 1910wer__ . _
6_ .. . • _

20+19 vertebrae (on 9.7­
mm. stained specimen).

13; longest spine >~ dorsal
Interspace.'

Slightly concave .. _

Distal % nearly completely
black.

No chromatopbores. .. _

._ ._do_. __ . __ . . _

2 ~~~~:J08:~~~s at b~es

1cbromatopbore•• _:: _. ._
No cbromatopbores.• _
23 chromatopbores over

large area.
5 chromatopbores__ . __ . _~ _
4 cbromatopbores over an·

terlor t wo·tblrds.

12.25mm.'

10.9mm.

14.5mm.

15 each Jaw . . ._._
9. __ . __ ._._ . ._ ._ . ... _._
20+21 vertebrae (on 9.SS­

mm. specimen).
13; longest spine <~ dorsal

Interspace.'
Concave. ._._._ . _

9.2mm.

14.25mm.

12eachJaw . . .
7 . ._._

13 ossilled vertebrae (on
10.2-mm. specimen).

10; longest spine= ~~ dorsal
Interspace.'

SlIgbtly convex . _

Midiateralllne ._ .... ._._ ._ . __ do ._ ... _. 6cbromatophores forward of
caudal peduncle.

Mldventralllne. . . ._ .. _do . __ .. 4 chromatopbores at bases
anal and IInlets; 1 on

. caudal peduncle.
Tip of pectoral glrdle_._ . . do . __ .. __ No cbromatopbores ._._
Anal openlng .. ._ do . .. __ do . ._... __
Mldbraln .•• .. .. __ ._._._ Cbromatophores (number?) 80 cbromatopbores ove,'

over small area. large area.
Forebraln._ ..... _. •... No cbromatopbores ._ 4 chromatopbores. __ . _
Mandible (otber than at tlp) . do . .. _. ._. _ 1 cbromatopbore. ._._

Almost entire height to 8tb Chromatopbores on outer
spine. edge to 12th spine.

Middorsalllne. ...... _.. No cbromatophores. __ . .. Cbromatopbores to 1st dor-
salllnlet.

Teetb._, • .__ .. . . _
Preopercular spines •• _
Myomeres/vertebrac. _

1st dorsal splnes.. . .

1st dorsal fin outllne • ._
Pigmentation:1st dorsal fln __ • . _

dorsal

25 upper; 28 lower___________ :l1 upper; 18 lower.
8 . . _'. ________ 7.
20+19 . . _. ._ Not observed.
15: longest spine about ~ I9; lonllest spine <~

dorsai Interspace.' Interspace.'
Conca\'e. ._ . ._._ Convex(?).

15 upper; 17 lower_ . _
8_ --. ._. . _• • ._._
20+21. . __ ... . _
16; longest splne- ~ dorsal

Interspace.'Concave _

13-14 eacb law---. 00 ._

6 .. • ._

18+20 (on 12·mm. speclmen>_
14: longest spine= h dorsal

interspace.'Convex. _• ... _._

Middorsalllne••• .. Band o( cbromatophores to
1st Onlet.

Midlateralllne ._. No chromatopbores ._

Mldventralllne. . ._. do ._._ . .. _

Tip o( pectoral glrdle . . do __ . .. . ._._._
Analopening_. . .. . do . ._._. _
Midbrain. ._____ Numerous chromatophores

over small area.
Forebraln ._ ._._._ ._______ No cbromatopbores__ . _
Mandible (otber tban at tlp) .. do._. . _

First 10 spines black ________ 3 cbromatopbores near distal
edge.

4 chromatophore. at bases Berles of cbromatophores (rom
2d dorsal and IInlets. 1st dorsel origin to caudal

peduncle.
Band o( cbromatopbores No cbromatopbores_ ________ 7 cbromatopbores on caudal

(rom 2d dorsal to 4th IInlet. peduncle.
Band o( cbromatophores at 4 cbromatopbores at bases Series o( chromatophores (rom

bases anal and flnlets; I on anal and IInlets. anal insertion to caudal
caudal peduncle. peduncle.

No cbromatopbores .. 1 cbromatopbore ._ 1 chromatophore.
.__ do ._. Nocbromatopbores. Nocliromatopbores.
Numerous cbromatophores INumerous chromatopbores . About 36 cbromatophores over

over large area. over large area. medlum-slzed area.
12 cbromatopbores_ -.- .--- _15 chromatophores... 4 chromatopbores.
Chromatophores on ~~ o( 8 cbromatopbores over entire No cbromatopbores.

length. lenlltb.
------------'----------'---

1st dorsal lin outllne .. _
Pigmentation:

1st dorsal IIn_ ••. .. _._._ Completely black_. 6 or 7 cbromatopbores on
outer edge of lin.

Band o( cbromatophores to
5th IInlet.

Teetb. • _
Preopercular splnes . ._._
Vertebrae._._. _
1st dorsal splnes ... _. ._

I Dana Expedition collection.
• Distance hetween Insertions o( first and second dorsnl fins.

The second character that separates these two
speeies is the series of chromatophores along the
mandiblp. in E. yaitQ. The first indication of man­
dibular pigmentation is seen in the 4.6-mm. speci-

men, where a single chromatophore appears at the
middle of the lower jaw. A. thazard lacks this
pigmentat.ion until it reaches a length of about
15 mm. The only other species which has pig-
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ment on the mandible is K. pe.la-mis, but in our
spedmens this species showed only 1 chromato­
phore at about 7 mm., and this persisted un­
changed until a length of 10.9 mm. had been
reached. At 14.5 mm. the mandible of K.
pela-mis is well pigmented, but at this size other
characters easily separated it from E. ya.ito.

Two other areas of pigmentation in A. thazard
help to separate it from E. yaito. These are the
dorsal and lateral edges of the body in the caudal
region. The chromatophores on the middorsal
line are always present in A. thazard, while those
on the midlateral line appear indistinct among
the specimens pelow 4.5 mm.

It should be mentioned that in A. thazard pig­
mentation of the caudal region varies considerably,
especially on the midlateral line. A number of
specimens measuring up to 7 or 8 mm. lacked this
pigmentation (fig. 28). Whether they represent
another species, A. tape.inoso-ma, is difficult to de­
termine, since a complete series of larvae of this
type could not be assembled. All other characters
of these spedmens lead us to believe that they
belong to the genus Auxis.

Several excellent characters separate N. macrop­
terus from K. pela-mis. Between 8.0 and 14.25
mm., N. macropte.ru.'!I can be distinguished from
K. pe.la-mis by the almost completely pigmented
first dorsal fin. This pigmentation is first notice­
able on a 6.4-mm. specimen and is represented by
a single, small chromatophore. K. pelam-is also
has some pigmentation on the first dorsal fin,
which seems to develop much later than in N.
macropte.rus, for only 1 or 2 very fain t chroma­
tophores are present in specimens measuring about
7mm.

Another notable character of N. macropte.rus is
the complete lack of pigmentation in the caudal
region of the bo'dy until the larva approaches 14.0
mm. In the remaining three species described
here, some pigmentation is present in the caudal
region at all sizes.

The final character which is peculiar to N.
-ma.cropterus is the complete absence of pigmenta­
tion over the forebrain on specimens of all sizes.
In K. pe.lamis this pigmentation is present in
specimens down to 7.1 mm. N. macropte.l'U8
smaller than 7.15 mm. can be separated from K.
pe.lamiJJ by the small area of pigmentation over
half or less than half the area of the midbrain,
whereas in K. pela-mis this pigmentation extends
over almost the entire midbrain area. The only
possible confusion in separating individuals of
these two species measuring less than 7.15 mm. is
in the rare cases where the chromatophore at the
caudal peduncle of K. pela-mis is absent. How­
ever, in such cases the relatively shorter snout and
smaller mouth of N. macropterus (table 4), together
with the difference in pigmentation over the
midbrain, help to separate these two species.

Among N. macropteruslarger than 9.2 mm., the
outline of the first dorsal fin is definitely convex,
and the longest spine of the fin is about three­
fifths the distance between the first, and second
dorsal fin insertions (table 5). The fin outline of
K. pelamis is concave in a 10.9-mm. spedmen,
and its longest spine is less than one-half the dis­
tance between the insertions of the first and second
dorsal fins.

Larger specimens of K. pelamis can be most
readily identified by staining the vertebrae. A
count of 20 precaudal and 21 caudal vertebrae is

IMM.

FIGURE 28.-Auxis sp. (1), 7.2 mm. total length.
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definitive for this species, and this count can be
obtained from specimens mt'asuring only 9.85 mm.
Wht're staining is not feasible, this species can be
identified by the single distinct chromatophore at
the ventral midline of the caudal peduncle through­
out tht' entire size range. This chromatophore is
absent only rarely, but at times there may be 2
instead of the usual 1. Moreover, K. pelamis
between the sizes of 7.1 mm. and 10.9 mm. have
a single chromatophore near the tip of the man­
dible in the smaller specimens and near the middle
of the mandible in larger speeimens.

K. pelamis smaller than 7.0 mm. can be dis­
tinguished from the other species by the single
chromatophore at the midventral line of the
caudal peduncle, by the larger mouth and longer
snout, and by the large area of pigmentation over
the midbrain. Forty-one or 42 myomert's can
bt' counted on specimens of K. pela.mis whereas
other species have 41 or fewer.'

DISTRIBUTION OF TUNA LARVAE
IN THE CENTRAL PACIFIC

In the sections to follow we shall discuss mainly
the distribution of the two species of tuna, Neo­
thunnus macropterus and Katsuwonus pelamis,
which comprise the bulk of our catch of tuna
larvae, for the purpose of gaining some insight
into the distribution and spawning habits of these
fish. Included are discussions on horizontal and
vertical distribution, species composition of the
catches, and spawning areas and seasons as evi­
denced from the size composition of the catches.
In addition to the identified larvae there is a
small, unidentified group eonsisting in the main of
small (less than 3 mm.) and damaged larvae.
Since there is little reason to suppose this group
contains additional species, this and the small
group of Auxis thazard are not considered in the
discussions on distribution .and spawning seasons.

A vast area of the Pacific was sampled, extending
from 25° N. to 15° S. latitude and from 120° W.
to 180° longitude. The' hydrography of this area
was studied, and experimental fishing with long­
line gear (described in Niska 1953) also was
conducted in the region bet,ween 14° N. and 9° S.
latitude during the period when the. plankton
hauls were made.

Hydrographic' observations in this region indi­
cate a current system composed of a westerly

flowing North Equatorial Current with its southern
boundary varying with longitude and with
season, but generally at. about 1O~0 N. latitude;
a westerly flowing South Equatorial Current with
its northern edge at about 5~0 N. latitude; and
an easterly flowing Equatorial Countercurrent be­
tween the North and South Equatorial Currents.
The width of the Countercurrent varies from 4° to
7~0 and it shifts north and south over a distance
of from 2° to 5° during different periods of time
and at different longitudes (Cromwell 1954, table
1). These currents could have an important
effect on the distribution of free-floating eggs and
of newly hatched larvae, which are not yet
capable of swimming about extensively.

HORIZONTAL DISTRIBUTION

Ranie of distribution

Approximate collecting locales for tuna larvae
taken during 1950-52 are shown in figure 29.
Each dot represen ts the occurrence of the desig­
nated species and has no quantitative connotation.
Tuna larvae, both N. macl'opterus and K. pelamis,
wt're taken as far north as 25° N. latitude in the
vicinity of Midway Island, the most northerly
area sampled during this period. Zooplankton
collections presently being made in central Pacific
waters up to about 45° N. latitude may show a
further extension of the northern limit of larval­
tuna distribution, for preliminary examination of
zooplankton samples collected from this area (at
31° N. latitude along 143° W. longitude) during
the winter of 1954 shows a few tuna larvae, too
small for positive identification. South of the
Equator, larvae have been taken at 14~0 S.
latitude in the vicinity of Samoa, the southern­
most latitude at which a plankton station has been
occupied by POFI vessels. In an east-west
direction, larvae were taken at all longitudes
sampled, from 120° W. to 180°. The area of
larval occurrence as shown by the broken lines in
figure 29 approaches 4 million square miles.

Latitudinal'distribution of Katsuwonus pelamis and
Neothunnus macropterus .

The latitudinal distribut,ions of the two species
of tuna which comprise almost. the entire larval­
tuna catch in equatorial wat.ers are plotted in
figure 30, together with the corresponding adult
catches on longline gear (the latter from Murphy
and Shomura 1953a, 1953b). The north-south
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FIGURE 29.-Localities of capture of tuna larvae in the equat.orial Pacific. Broken lines enclose area of POFI collections.

FIGURE 30.-Latit.udinal distribution of the adult Katsu­
wonU8 pela-m-i8 and NeothunnU8 macroptent8, as indicated
by longline catch, and of the larvae.

range was limited by 14° N. and 9° S. lat.itudes in
conformity with t.he range of fishing stat.ions. The
catch figures for both adults and la.rvae represent
t.he averages of all the longit.udes sampled during
ident.ical years.

Although our longlille cat.ches may not provide
'a t.rue meaSUI'e of t.he. abundanceof adultK.pela.mis,
they would seem t.o indicate that. t.he distribution
of t.hese fish (fig. 30, upper panel) is somewhat.
skewed t.o t.he sout.h, with the peak at. 3° S.
lat.itude. Larval abundance shows a similar
trend, but. t.he latit.udinal range of t.he larvae

S - LATITUDE - N

exceeds t.hat. of the adults. This is understandable
when we realize t.hat fishing effort was reduced at
the northern and southern extremit.ies.

The adult N. macropteru8 cat.ches (fig. 30,
lower panel) present. a different. distribution
pat.t.ern. There are t.wo peaks, one is slightly
north of the Equat.or and another at 7° south of
the Equator. As explained by Murphy and
Shomura (1953a, 1953b, and 1955) the tunas,
especially N. macropterus, are perhaps indirectly
associated with t.he phenomenon of upwelling that
occurs along the Equator. Large catches of adult.
N. macropterus were made sligh tly to the nort.h
and south of the Equator where the upwelled
wat.er had aged sufficiently to allow populations
of t.una forage to develop. The larval N. ma­
cropteru.~ catches show a similar, but more pro­
nounced, bimodal dist.ribut.ion which, although it
is slightly displaced t.o the north, is likely relat.ed
t.o the adult catches.

Longitudinal distribution of KDtsuwonus pelamis
and Neothunnus macropterU$

Consideration of the larval-tuna catches (fig. 31)
was limited t.o st.at.ions between 9° N. and 9° S.
lat.itude, the zone in which there was the most
conc.entrated fishing for adults, in order to com­
pare t.he cat.ches of larval and adult tuna.

It. can be seen from the upper panel in figure 31
t.hat the abundance of K. pelamis larvae seemed
fairly uniform from 180° t.o 140° W. longitude
and the adult abundance was uniform from 170° W.

K. PELAMIS

• LARVAL CATCHEI ADULT CATCH
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K. PELAMIS

0.r--------------------, 2D
longitude may be near the eastern limit of favor­
able N. macropte.rus spawning grounds. The sa­
lient feature of both N. macropterus and K. pelamis
distribution is that, with the exception of N.
macropte1"l./,8 along 1300 W. longitude, tuna larvae·
were taken at all the longitudes where the adults
were found.

West of 1800 longitude the adults of N. ma­
cropte.1"/.l.8, K. pelamis, and other tunas are caught
all the way to the Asian coast. On the basis of
the adult-larva relationship, it can be expected
that tuna larvae will also be found in the region
between 1800 and the coast of Asia. This is not
entirely supposition, for Wade (1950, 1951) has
reported the capture of large numbers of these
larvae from the waters surrounding the Philippine
Islands. In the eastern Pacific, Schaefer and
Marl' (1948a, 1948b) and Mead (1951) found
larval and juvenile tunas off the Pacific coast of
Central America. The widely distributed records
of larvae (fig. 29) together with the apparent
parallels between adult and larval-tuna catch
rates suggest. that tuna larvae are generally
distributed across the Pacific Ocean, although not
necessarily with uniform abundance.

Records of larval-tuna captures in the Atlantic
Ocean also seem to support the probability of a
transoceanic distribution of tuna larvae. The
Equatorial. Current system roughly follows the
same pattern in the Atlantic Ocean as in the Pacific
Ocean, and tuna larvae have been taken (Ehren­
baum 1924) in a band e,f water between 320 N.
and 70 S. latitude from the Cape Verde Islands
to the coasts of Florida and Brazil (fig. 32).

N. MACROPTERUS

• LARVAL CATCH~ADULT CATCH
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FIGURE 31.-Longitudinal distribution of the adult
Katsuwon118 pelamis and Neothunnu8 macropteru8, as
indicated by longline catch, and of the larvae for the
area go N. to go S. latitude.

to 1300 W. longitude, apart from the low catches
of both larvae and 9.dults at 1600 W. longitude.
The low catches of larvae at. 1300 W. and 1200 W.
longitude, suggest that there is little spawning of
K. pelamis in this region.

The ad.ult N. macropteru.s distribution varied
'slightly from that of K. pelamis (fig. 31, lower
panel), for they were found from 1800 to 1200 W.
longitude with a peak at 1500 W. longitude.
The larval N. macl'opterur; abundance also
peaked at the 150th meridian, but aside from this
there was little correspondence in the densit,y
of larvae and adults. The apparent absence of
larvae at 1300 W. longitude suggests that this

40"

~-----I----O·

FWURE' 32.-Localities of capture of larval tunas in the Atlantic and Indian Oreans and in the Mediterranean Sea.
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FIGURE 33.-Vertical distribut.ion of tuna larvae from
thc Hawaiian arca corrected for contamination, assum­
ing that the surface haliis are representative of the upper
50 meters. .

TABLE 6.-Abundance of tuna larvae in Hawaiian waters,
per 1,000 cubic meter8 of water 8trained, for variou8 depth8
and time8 of hauling

[The figures In parentheses represent number of tows]

It. is interesting to note that. there are ext.ensive
records of larval t.unas in t.he Mediterranean Sea
and a record from the Indian Ocean.

VERTICAL DISTRIBUTION OF TUNA LARVAE

The data from cruise 6 of the Hugh M. Smith in
Ha.waiian waters (fig. 1) were used in studying the
vertical distribution of tuna larvae. During each
haul, 3 nonclosing nets, fishing at different depths,
were towed simultaneously in a horizontal plane
for 1 hour. At. each station one of the following
sets of towing depths was used: 0,50, 150 meters;
0, 100, 150 met.ers; 0, 100, 200 meters; or O. 150,
300 meters (appendix table 2, p. 68). The
catches made on this cruise (table 6) show very
clearly that tuna larvae are concentrated in the
surface layers. Further, it is possible that all or
most of the deep catches are contaminants,
obtained while the nets were being raised and
lowered.

Time of tow
Depth In meters

Surface 50 100 150 200 300
---------------

Day ________ 1,70(16) 0.42(4) 0.21(10) 0.08(8) 0.44(8) 0.36(2)
Nlght. _____ 8.49(9) 0.98(2) 0.55(4) 0.71(6) 1.18(3) 1.15(3)

The amount of contamination can be computed
if the average concentration of larvae in the upper
strata and the time spent by the net in passing
through them are known.2 It is interesting to
note that, assuming' the surface tows are repre­
sentative of the upper 50 meters or the layer be­
tween the surface and the next shallowest net,
contamination correction accounts for all of the
deeper night catches and nearly all of the deeper
day catches (fig. 33).

A vertical, diurnal migration of the larvae is
suggested in the raw catches and is clearlv shown
.when the surface tows are plotted a.cco~ding to
the hour of hauling (fig. 34). (For the present,
dodging is not considered; it will be shown lat.er

, The following formUla was used to compute contamination:

A,'erage number of contamlnsnts=

A,·..rage time a lower net spent in surface layer
Average total elapsed time of tows of the surface net X A,"erage surface catch.

The several amounts were then subtracted from the figures in table 6 and the
corrected CBtches plotted In figure 33.
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FIGURE 34.-Larval-tuna catch at various times of the
day.

to be relatively unimportant.) Relatively poor
catches were experienced during the day, when the
larvae presumably were beyond. the depth of the
surface net.. The catches increased after twilight
as the larvae apparently migrated to the surface,
the greatest catches being made between 10 p; m.
and 4 a. m. The cat,ches declined as the downwa~d
migration occurred with. the approach of daylight.

The depth of the diurnal,. vertical migrat,ion of
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SPECIES COMPOSITION OF THE LARVAL CATCH

TABLE S.-Species composition of larval and adult tunas
taken in equatorial waters

NtollllJ.n1IUB macropteruB_ ••••• 107 22.5 889 73.0
KatBuwonUBpclamiB •••• __ ••• • 281 59.2 54 4.4
AuziB Ihazard .______ 6 1.2 __ • • --- •.•.. --

~:'t~:::~~;~~tiC:::::::::::::::::::::::: :::::::::: 20' l~: g
Unldentlfled.____________________ 81 17.0 _. •. _. .. __

Adults 2

1.217 _. .... _475

Larvae I

Number Percent Number Percent
taken of total taken of total

catch catch

Species

Total. _

I Plankton hauls.
• LongJine catches.

Our discussion of species composition is based
entirely on cat,ches from the equatorial area be­
tween 120° W. longitude and 180°, and 9° N. and
9 ° S. latitude so that t,he composition of the larval
catch can be compared with that of aduIt.s from the
same area. Three of the four species of tuna larvae
described previously are represe.nted in the plank­
ton samples, while the larvae of two other species
of tuna, Parathwnnus sibi and Genno alalunga,
either were not taken or were not recognized.

Of the three species of larvae identified (table 8),
A. thazard constitutes an insignificant portion of
the catch, 1.2 percent of the total number of tuna
larvae. The N. macJ'optel'us and K. pela-mis larvae
comprise 22.5 and 59.2 percent, respectively. This
is in contrast to the species composition of the long­
line catch of adults, 73.0 percent of which were
N. -macroptel'us and 4.4 percent K. pelamis. How­
ever, the longline catches probably do not provide
a reliable estimate of the true abundance of K.

There is also litt.le evidence in support of dodging
when the frequency of captures of the larger larvae
are eonsidered, the implication here being that the
larger larvae are more capable of dodging the net
than are the smaller larvae. In the. equatorial
area, four larvae 10 mm. or larger were taken dur­
ing the day and only one at night. In the Hawai­
ian area only two larvae over 10 mm. were obtained
and these were taken at night.

Considering all the evidence, it appears that
dodging may aIt.er the catches but not enough to
seriously bias our conclusions that most, of the
larvae live near t,he surface during both day and
night, and that there is a vertical, diurnal migra-'
tion through relatively shallow depths.

During the review of vertical migration and
vertical distribution the problem of dodging was
temporarily disregarded. It must be examined,
however, and its effect considered because it can
possibly bias comparisons of hauls between
depths and between day and night. The pres­
ence or absence of dodging can best be ex­
amined in- the 200-meter oblique tows, assuming
that the net had passed through the entire vertical
range of larval distribution, thus minimizing or
possibly eliminat,ing the effects of verticalmigra-'
tion in the catches. The night catches, although
not significantly different from day catches. are
about 1.5 times the latter (table 7), suggesting
that dodging may have occurred. Even if the
relatively greater catches in the night hauls were
due to dodging, it will be noted from table 6 that
t,he ratio of night to day catches at the surface is
much greater (4.99: 1), suggesting a vertical mi­
gration, despite allowances made for the effects of
dodging. Additional evidence in favor of vertical
migration is provided by the relatively low night­
day rat.ios at, great,er depths (table 6) as compared
with the high ratio of the sUl'face catches.

TABLE 7.-Cotllparison of day and ',dght catt:hes of hma
larvae by 200-meter oblique tows in equatorial waters

Number Larvae/l.lJOO
Time of tow of tows m.' of water

strained

Day__ •__ • ••.. •.. •••. 49 1.50
Nlght . . •.. _•.•_... 34 2.23

the tunalarvae cannot be specified. but its maximum
can be inferred from our material. A large series
of 200-meter oblique hauls in the equatorial region
(table 7) shows no statistically significant diurnal
variation (t=1.421, P=0.14), thus suggesting that
migration may not occur down to 200 meters.
That the migration is of even more limited scope
is suggested by the corrected vertical distribution
(fig. 33). If migration occurs down to 200 meters,
then in the horizontal tows the day catches at the
greater depths should be· larger than the night
catches and also they should be larger than the
day catches at the surface. The fact that the
subsurface catches are consistently less than the
surface day catches suggests a migration which is
probably limited to a depth of less than 50 meters,
and the main concentration of larvae in the day­
time occurred between the levels sampled by the
surface and the 50-meter horizontal tows.
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pel(l./nis sinee t,hc gel1l" is designed and fishcd with
t.lle ]>I'imal'Y objeetive of eapturing the mueh­
la.l·ger, deep-swimming N. ma.cropter1/..~. Thus, t,he
low eateh figurcs fOl' K. pelQ.1nis represent only a
few ehanee catches mll,de by t.11(' longlinc.

The predominance of K. pela.mis larvae in the
plankton catches presents an interesting indication
of the probable adult concentration. If we assume
that both species have the same fecundity and
larval mortality, it would appear that the adult
K. pelamis population is about two and one-half
times that of the N. ma.Cl'Optel'1Ls. However, it is
known that the K. pela.mis ovaries are smaller than
the N. macl'optet'us ovaries and contain fewel' eggs;
therefore, this estimate of the relative numerical
predominance of K. pelamis is minimal. Thus,
there is the possibility that a population of K.
pelamis exists in this region of sufficient size to
support a commercial fishery, if the schools can
be located. To date, however, only a few schools,
consisting mostly of small fish, have been observed
and they have occurred mostly in the immediate
vicinity of islands and atolls.

AREA AND LOCALITY OF SPAWNING

Most studies of spawning have been based 'upon
observations on the condition of the gonads, and
the spawning locality has been assumed to be near
the site where females with nmning or nearly rip!:'
eggs have been captured. This method is appli­
cable to fishes with limited migratory movements
or to those that are relatively weak swimmers.
However, ip. the case. of the tunas-fishes which
possess tremendous swimming speed and range­
the actual spawning site could be some distance
from the locality in which adult females with
nearly ripe gonads are taken. A more-nearly
ideal approach to thE' problem of locating the
spawning sites of these fishes would be to examine
the less-motile stages in the life cyde, specifically
the planktonic eggs and newly hatched larvae.

The present investigation was limited to the
larval stages because it has not been possible to
identify the eggs of the several tunas. Early

.larvae c.an be considered planktonic, and while
they have limited powcrs of movement,' it is
reasonable to suspect that they do not stray very
far from the actual spawning grounds. If' this
is so, then it can be hypothesized that the localities
.where tuna larvae are taken should represent the
approximate spawning sites.

Three factors must be evaluated before this
reasoning can be applied to our data to estimate
the location of spawning grounds: (1) The size of
the larvae at hatching; (2) the duration of the
incubational pel'iod, throughout which the eggs
are planktonic; and (3) the dire~tion and velocity
~f the currents. .

Detel'mina.tion of s-ize of lar:t'a.e at hatching.­
Sanzo (1932, 1933), who observed the development
of the embryo in the eggs of Orcynus thynnus
and 01'cynus gel'mo,3 reported that the larvae
measured fl'om 2.44 to 3.04 mm. in total length
at hatching. The egg diameters for these two
species were from 1.00 to 1.12 mm. for the former,
and 0.84 to 0.94 mm. for the latter. Compara­
tively, the eggs from ripe gonads collected during
POFI cruises measured from 0.83 to 1.08 mm.
for N. macl'optel'us, and from 1.00 to 1.21 mm. for
P . .9ib-i. K. pelamis eggs were from 0.55 to 0.80
mm. in diameter, but it is believed that this may
represent a somewhat earlier stage of maturity.
The largest egg that Brock (1954) found during
his investigation of the biology of K. pel.amis
measured 1.125 mm. in diameter, and should be
dose to the size of the fully ripe eggs. If egg
size has any bearing on size of the larvae at
hatching, then newly hatched N. maCl'optet'Us and
K. pelamis should fall within the size ranges given
by Sanzo for two species of tuna, that is,
2.44-3.04 mm.

Determin(J.tionofdurat·i(ln(~finc'll.bati.onalperi{Jd.­

The embryonic development of six California fishes
(Budd 1940) indicates that. various pelagie speeics
have ineubational periods. ranging fl'om 90 to
264 hours, and that the eyed-embryo stage
regularly appears at about the middle of the
developmental period or slightly curlier. The
latter observation is support,ed by illustl'n.tions
presen t,ed by Kun tz and Radeliffe (I918) for the
pelagie eggs of six species of fish. It. geems t.hat
the appearance of the eyed-embryo is fixed rather
definit.ely at about the middle of the incubational
period. If this holds true for all pela.gic eggs,
then the incubationul period for tunas could be
approximated at. not more thun 4 days, since the
eyed-embryo eggs collected by Sunzo (1932, 1933)
hatched in less than 2 days.

3 Sanzo prohably followed Liitkon's terminology. If so. O. Ihynnus (Lin­
naeus) ropresenl.s "the lIIore or less 'short-tinnod' genuine tunatish" and
O. yer",o (LacGpe.Je) represents the "more or less 'long-tinned'" tunas
(Liitken 1880). Thus, O. tAYf/nus could be bluetln tuna and O. yermo could
be either yellowtin or albacore. .
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Direction and maximum velocities of currents in
the centra.l Pacific.-As stated previously, the
North and South Equatorial Currents flow west­
ward and the Equatorial' Countereurrent flows
eastward in this area. The maximum veloeity of
the North Equatorial Current during 1950-52
was 0.56 knot.s, while t,hat of the South EquatOl'ial
Curre.nt was 1.55 knots, as m~asured on POFI
cruises.· The eastward-flowing Countereurrent
showed a maximum velocity of 1.16 knots. (Cur­
rent speed in knots was eonverted fmm figures in
Cromwell 1951, 1954; Austin 1954; ltnd Stroup
1954.) It is well to bear in mind that t,he veloeity
of eaeh current varies considerably throughout
t,he width of the eurrent and at different longi­
tudes (Cromwell 1954, figs. 21 and 27).

The implications in the foregoing discussions
are that larvae measuring between 2.44 and :3.04
mm. would have been adrift a maximum of 4
days prior to their hatehing, and .that these
larvae could have drifted westward a distance
of about 50 or 150 miles, depending on whether
they were in the North or t,he South Equatorial
Current, or they could have drifted eastward a
distance of about 100 miles if they were in the
Equatorial Countercurrent. The maximum drift
in terms of longitudinal dist,ance is about ~~o

westward and about 2° eastward.

In the present, investigation lltrvae measuring
between 2.50 and 3.90 mm. (which approximates
the size of newly hatched larvae), presumed to
be K. pelamis and N. macropte1'1tS, were taken at
nearly aU latitudes from 25° N. to 14%° S. (fig.
35). and also at nearly all longitudes sampled
(fig. 36). They were caught at. stations which
generally WeI'e 5 to 10 longitudinal degrees apa.rt
and beyond the maximum drift to which these
larvae could have been subjected. Thus, the
presenee of these newly hatehed larvae along the
various longitudes from 120° W. to 180° provides
evidenec t.hat some spawning occurs throughout.
the area sampled.

TIME OF SPAWNING OF KATSUWONUS PELAMIS
AND NEOTHUNNUS MACROPTERUS

Larval-eatch data from equatorial waters for
the years 1950-52 were segregated by months for
eaeh speeies, and the average cat.ches from tbree
bands of 10° of latitude, 5° N. to 14° N., 5° S.
to 4° N., and 14° S. to 6° S. were then plotted to
produee figure 37. The area was separated into
sueh bands in order to see if there were seasonal
spawning trends from north to south.

The plots show that K. pelamis larvae were
found throughout the year and in fairly equal
numbers each month between 5° N. and 14° N.

N.MACROPTERUS UNIDENTIFIED
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N. MACROPTERUS

SIZE OF LARVAE (MM.)

36.-Longitudinal variation in size composition of tuna larvae caught between 14° N. and 14° S. latitude.
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.. N. MACROPTERUS ~ K. PELAMIS D UNIDENTIFIED N.S.· NO SAMPLING dueed K. pelamis larvae throughout the year, it
showed a dkfinite peak from May through Sep­
tember. South of 6° S. latitude larval K. pelamis
were rather uniformly abundant; however, the
catehes do not, represent enough months to permit
a more specific interpretation. In general, it can
be hypothesized that while year-round K. pelamis
spawning occurs throughout the area between
4° N. and 5° S. latitude, tlie spawning activity is
greatest from May through September.

There are no significant peaks of N. mac7'opterus
spawning between 14° N. and 5° S. latitude.
However, a l'Itriking difference exists between
the eatches of N. macropterus and K. pelamis
larvae in the area south of 5° S. latitude. Here,
larvae of the former spedes were caught only in
Februnry and March, none being taken in Jan­
uary, June, and November. Seal'lonal spawning
may occur in more southarn waters, but here
again data were obtained for too few months to
foml a definite opinion. As far as N. macropterus
is concerned, it can' be hypothesized thnt this
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Substalltinlly grent.er numbers of larvae
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Although this equatorinl region pro-
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FIGURE 8i.--Monthly catches of larvae ill equatorial
waters for three latitudinal ZOlll'S, 195U to 1952.
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species spawns t,hroughout the area and through­
out the year at It uniform intenshy.

SUMMARY

1. Four.species of Luna larvae, yellowfin
(Ne.othunnu,s macropterus) , skipj ack (Ka.tsuwo1/.US
pela,mis) , little tunny (Euthynnus yaito) , and
frigate mackerel (A'uxis thaza.rrl), are described
from plankton cat,ches .Laken in central Pacific
waters beLween 23° N. and 15° S. latitude and
120° W. and 180° longitude and from the East
Indies and the Gulf of Panama.

2. The most conspicuous, specific characters
that distinguish the larvae are as follows:

a. Neothunnus macropte.l'1.I,S: Absence of chro­
matophores on the trunk, except. over the visceral
mass, until the larvae approach 14 mm.

b. Katsuwon'/J.s pelamis: Presence of a distinct
chromatophore on the ventral midline of the
caudal region, and no chromatophore at the
symphysis of the pectoral girdle.

c. Euthynnus yait(): A series of ehromaLophores
along the midventral line of the t.runk, from the
vicinity of the anal fin base to the caudal region;
presence (usually) of a chromatophore at the
symphysis of the pectoral girdle.

d. A'uX'is thazal'd: Three short series of closely
set chromatophores on the middorsal, midlat,eral,
and midventral lines of the caudal region; presence
(usually) of a chromatophore at the symphysis of
the pectoral girdle.

3. Larvae of J(atsuwonus pela.mi.~ and Neo­
thu,nn'us macI'Opte./'"U8 werc found in the waters
north of the Hawaiian Island" to approximately
25° N. latitude and as far south as the Samoan
Islands near 150 S. latitude. The areas ric,h ill
larval Neothunmts macroptel'U8 coincided with the
areas where the adults were frequently taken by
longlining. Along t,he Equlttor, larvae were
found between longitudes 1200 W. and 180°, the
east-west limits of the area invest,igaLed, with a
decidedly rich area between 140° W. and 180°.
The close adult-larva relationship suggests the
possibility of a tmllsoceanie dist,ribution of these
larvae alOllg the Equator.

4. Larvae were found to be concentrated at or
near t,he surface, especially at night,. It. seems
likely t.hat even in the daytime the bulk of the

larvae occur at less than 50 meters. Diurnal
migration probably occurs wit,hin this shallow zone.

5. The abundancc of Kats'uwonus pelam'islarvae
ill the area implied t,hat a sizeable stock of adult
Katsuwonus 1}elam1~s occurred in equatorial waters.

6. Recently hatched larvae were found in
nearly aU latitudes, longitudes, and seasons, sug­
gesting widesprcad, continuous spawning through­
out the area sampled.
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APPENDIX

The following tables list by species the number
of tuna larvae collected from the POFI research
vessel Hugh 111. Sm.ith on 8 cruises in the equatorial

Pacific in 1950-52. The tables include only those
cruises or parts of cruises, from whieh material
for this study was obtained.

ApPENDIX TABLE I.-Tuna larvae collected on Hugh M. Srnit.h cruise lj in equatorial waters

[All hauls were oblique from Uto :llU meters, of 30 minutes' dumtion)

Station
Position

Latitude Longitude

Date 'rime
started I

Water
stmined

N,o­
Ihu1I1Ills
maCf&p­

I,rlls

Kalsll­
wonU3

ptlamis
.,Iuxis

Iha,ard
Unid,'n­

llfied
Total

----·-----3- ----------2- -----·----2· :::::::::::: ----·---·--7

----------2- :::::::::::: :::::::::::: :::::::::::: -----------2

____________ I .. .. . I

-----------. ------.-.-.- -___________ 1 I
2 I 2 2 7

.-----.----- 8 .______ 8
------------ 24 '.. 24

3 _

I
2

I
3
3

2

I
6
6
I
I

3

3
I
2
5
I
2

18
11

I ._. . __

4 _
I .

I . __
6 • __
6 .• _
I ._. . _

17 . __ . __ . __ .
2 • _

I . ". _

3 . _

I _

I . _
2 I . . __
I 2 . . __ . _

I
9

I . _
2 _
I 4 • _
I . _

____ ._______ 2 . _
I _

1/.I(}071,.3
I. 25
1.32
1.34
11.74
1.25
I. 43
0.89
U.85
1.33
0.88
1.33
I. 78
1.19
1.62
1.58
1.38
1.82
1.35
1.06
I. 81
1.59
1.94
1.26
I. 41
1.31
1.58
1.63
1.38
0.64
0.87
0.65
1.00
0.77
1.53
0.85
0.97
I. 65
1.18
I. 31
U.95
3.36
1.14
1.60
I. 14
1.03
I. 46
I. 31
0.59
0.93
1.03
0.85

0945
0258
2315
0415
0807
1219
1649
012'&
0950
1815
0315
1213
2012
0350
1226
2130
0845
11\59
U036
0838
1746
0143
0925
1740
0133
1055
2110
0556
1324
2137
0550
1418
2221
0646
1532
2302
064U
17,'iO
UI44
O8M
1620
0020
0744
1546
2343
0800
1639
0253
1741
1006
2300

6-30-50
7- I-50
7- I-50
7- 2-50
7- 3-50
7- 3-50
7- 4-50
7- 5-50
7- 5~'iO

7- 5-50
7- 6-50
7- 6-50
7- 6-50
7- 7-50
7- 7-50
;- ;-50
7- 8-511
7- 8-50
7- 9-50
7- 9-50
7- 9-50
7-10-50
7-10-50
7-10-50
7-11-50
7-11-50
7-11-50
7-28-50
7-28-50
7-28-50
7-29-50
7-29-50
7-29-50
7-30-50
7-30-50
7-30-50
7-31-50
7-31-511
S- I-50
8- I-50
8- I-50
8- 2-50
8- 2-50
8- 2-50
8- 2-50
8- 3-50
8- 3-50
8- 4-50
8- 4-50
8- 5-50
8- 5-50

175°11' W.
174°IU' W.
173°(1()' W.
172°00' \V.
171°52' W.
171°46' W.
171°54' W.
171°57' W.
172°01' W.
172"00' W.
172"0U' W.
172"02' W.
172"00' W.
171°57' W.
171°4W W.
li1°56' \V.
172"02' W.
172"03' W.
172"01' W.
171°53' W.
172"12' W.
172"02' W.
li1°5;' \V.
lil055' W.
171°59' W.
171°56' W.
lilo58' W.
158°02' W.
158°03' W.
158°00' W.
158°00' W.
158°01' W.
15;°58' \'l.
157°57' W.
158°07' W.
157°58' W.
158°U3' W.
15SoOll' W.
15;°5;' \".
157°57' W.
157°50' W.
157°:W W.
157°53' W.
157°55' W.
158°04' W.
157°58' W.
157°54' W.
157°55' W.
158°OS' W.
157°59' W.
158°02' W.

2iOOO' N.
25°00' N.
22°58' N.
21°00' N.
19°00' N.
17°UI' N.
15°00' N.
14°UO' N.
13°00' N.
12°00' N.
11°03' N.
9°M' N.
80 M' N.
7°59' N.
6°59' N.
llo02' N.
5°00' N.
4°00' N.
3°00' N.
2"00' N.
0°54' N.
OoOS'S.
1°00' S.
2°00' S.
2"59' S.
4°05' S.
5°U4' S.
4°56' S.
4°00' S.
3°03' S.
2°03' S.
JOCM), S.
0°02' S.
0°57' N.
2"00' N.
3°00' N.
4°00' N.
5°(N)' N.
6°00' N.
7°00' N.
8°00' N.
9°00' N.

10°00' N.
11°00' N.
11°59' N.
13°00' N.
14°00' N.
14°58' N.
17°00' N.
19°02' N.
20°53' N.

No. I_.~ . ~ _
No.2•• . _
No. 3_. _
No. 4. . • _
No. 5_. . _
No. 6 . . . _
No. ; .. _
No. 8 • __ .. _
No. 9_. . __
No. 10 _
No. 11. • _
No. 12. . ._. __
No. 13 ._._. _
No. 14 . _
No. 15 . ._. _
No. 16 ._. _
No. Ii . _
No.18 ._. . __ .
No. 1\1 . _
No. 20 . . _
No. 21. __ . _•. ._
No. 22 . _. . _
No. 23. . _. . _
No. 24. •_.. • __ . _
No. 25_. . _
No. 26.. _.. ... _
No. 'J:1. . _
No. 28 . _
No. 29 _
No. 30 ._. _
No. 31. .. _
No. 32 . _• _
NO.33 .. . __ . _
No. 34_. __ • • _
No. 35 . • _
No. 36 . _
No. 37 . _
No. 38 • .
No. 39 . _
No.4O . . .
No. 41._ .. . __ . . _
No. 42 . __
No. 43 _
NO.44 .. _
No. 45 • _
No. 46 . . _
No. 47 . . _
No. 48. . _
No. 49 _
No. 50 .. . . _
No. 51. _

I +11 zone time 011 stations I to 'J:1; + 10 zone time on stations 28 to 51.
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ApPENDIX TABLI~ 2.-Tuna larvae collected on Hugh M. 8mit.h cruise 6 in Hawaiian waters

[All hauls w~re I-hour horizontal tows at d~l)th indi~ah'dl

'Station
I Position

Del'th 01 _
haul Date

North West
latitude longitude

Time
started I

Water Neatll'lnll'" Kqt,,,,,,onl" .·tllxi, Unidcn-
strain~(1 marropler", pelami, Iha:ard lificd Total

------------1---- ----- ----'----/.----/------- _

:::::::::::: :::::::::::: :::::::::: -·------3- ---------3

6 .__ _ __ 7

- - - - - - - - -- - - . - - - - --- --- - . _- ___ __ __ 1 I

------------ 1 1 2
2 .___ 2

:::::::::::: ----------i- :::::::::: --------i ---------2
.--- ._ -___________ I 1
____________ 1 . 1

I 1

8

5
3
2
8

13
1
1

25

3 _4

4 • _

8 5I _
1 _

13 .____ 102

6

4 __ . ___ ___ I _
.. _____ 3 • . _

I _

5 1 2

_._-------j- ----------j- :::::::::: ::::::::::
6 . .

I
2
2

4 . 7 3 14

2 10 4 6 22
----._______ 2 I 2 5

11 .___ 2 13
2 . .• . __ __ 2

------------ ------------ ---.-_.___ 1 I5 8 '_,_0-_ 13
----- . 1 • .____ I

2 4 .' •• 6
3 -. ._________ 3

----------j- :::::::::::: :::::::::: ---------- ---------2
----··----i- ---·------3- :::::::::: :::::::::: ·--------4

14 ,- .. 14

2
6
1
2

12

---------jii- ---------2i- ------·-2- -------22- ·--·----55
----________ 3 7 ._________ 10

2 5 I 1 9
5 9 2 . 16

-.---.------ .----------- ---------_ I 1

13 22 .___ 11 46
2 - _. 2
I 5 ._________ 3 9
1 - • .___ 1

_______ _____ 1 . __ . I
2 ._________ 3

----- -___________ 1 I
______ . . _ I .' I
---- ._ I . 1

7 - • • . 7
I . I

1 .. 1
1 1 2

- - - - - - -----. - --- - - - -- - - - -- - -- -- - - _ 1 1
9 1 4 19

-----------. 2 3 5
------------ ---.-------- ---------- 3 312 .________ 12
.. ----------- 3 I 4

1 ~_________ 2

1,000 m.'
2.05
1.99
3.14
2.63
2.81
3.32
2.26
3.07
4.01
2.15
2.07
2.60
2.25
2.80
3.57
2.31
3. B
3.70
2.39
2.48
3.98
3.03
3.22
4.30
2.84
2.66
3.68
2.46
2. 49
3.06
2.33
3.61
5.80
2.37
2.85
4.21
2.71
2.90
3.95
2.01
3.14
3.56
2.29
2.17
2.25
2.72
3.81
5.28
3.38
3.48
3.06
2.24
3.31
4.09
I. 61
2.43
3.61
2.73
3.93
4.78
2.11
3.15
4.29
2.77
2. 45
2.81
2.59
3.07
4.07
2.84
2.99
3.64
2.90
3.34
5.03
2.82
3.43
3.92
2.11
3.07
4.69
2.18
2.30
3.88
2.22
2.58
4.I1ll

1250

1350

0500

2149

2239

0750

1853

23B

2340

07B

0528

1020

1720

0815

0042

1754

1522

0210

1412

0507

1136

1500

1750

0140

1042

1405

0315

11950

8-28-50

8-28-50

8-19-50

8-27-50

8-23-1lO

8-21-50

8-19-511

8-25-50

8-21-50

8-19-50

8-27-50

8-20-1lO

8-20-50

8-22-1lO

8-24-50

8-22-1lO

8-24-50

8-22-1lO

8-18-50

8-24-50

8-27-50

8-23-1lO

8-22-1lO

8-26-50

8-20-1lO

8-26-50

8-26-50

8-25-50

R-2.~-50

I55°llO'

157°07'

157°13'

158°23'

159°45.7'

158°24'

HUo05'

157°10.3'

158°32'

155°47'

158°29'

158°26'

un° 15'

157°10.5'

157°07.5'

159"44'

159"51'

159°47'

155°47.2'

159°50.5'

158°30.6'

159°50'

161°05'

161°05'

155°45.3'

161°03'

161°05.5'

19"24'

21°05. l'

21°50'

21°03.5'

20°30'

23°27'

22"48.5'

20°15'

22"43.3'

20°55.5'

21°,Ij(1'

22"39'

20°50'

18°311'

22°40'

20°16.5'

20°23'

21°56.3'

19°31'

2U054'

18°22'

20°20'

19·26'

18°32.5'

19°25.5'

21°11ll.5'

22°45'

23°31'
AI,'en

o
50

150
o

50
150

II
100
200

o
50

150
o

100
200

o
150
aoo

o
100
200

o
50

150
II

100
200

o
50

150
o

150
aoo

II
50

150
o

100
200

o
50

150
o

100
200

o
150
300

o
100
200

o
100
150

o
100
200

o
100
150

o
150
300

o
100
150

o
100
200

o
50

150
o

100
200

o
150
300

o
100
200

o
lill

150
II

100
21KI

No. 28 .. _. ..

No.9 . _

No. fL ._._. . _

No. 10__ . _

No. 14 _

"10.15. • _

No. B _

No. 4 . ~_. _

NO.7 _

NO.27 • .

No. 25. _

No. 17 _

NO.5 . .. __ . . _

"10.18 _

No. 12. _

No. 19 . _

No. 13 _

No.26. . _

No. 10 _

No.23. _

No. 211.. _

No.21. _

"10.22. _

"10.24. . . __

No. 8 ._. • _

No. 2 _

No.3.. . . __

No. 1 _

No.1A .. ._

I LO''lLl eivil time ,'Orresponding to +](1 zone time.
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ApPENDIX TABLE 3.-Tuna larvae collected on Hugh M. Smith cruise 7 ill equatorial waters

[All hauls were oblique tows Irom 0 to 200 metprs, 0130 minutes' duration)

Position

Station
Latitude Longitude

n"te
Time

started I
Water

str..inpd
N,o·

Ihu'nnul
mQerop­

lerul

KQIII/·
won",
polQmil

AI/xiI
IhQ:Qrd

UnidplI.
tilled Total

---·-------·1----·1------ ----1·----1·----1----1-----1------ ----- -----

J:!~: L::::::::::::::::::::::::I ~~;~: :~:gg: ~~;: I::l:::t~
No.3 • .. __ • : •• _. __ • 18°13' N. 158°00' W. 10-18-50
No. 4__ . __ • __ • • ._______ 17°10' N. 158°00' W. 10-18-50
No. S • __ • • . .. 16°11' N. IS7°S7' W. 10-19-50
No.6 • • .___ 1S002' N. ISio58' W. 10-19-50
No. i_ ••. _. • .___ 14°03' N. ISioMl' W. 10-19-50
No.8..•. _. ..• .. 12"S7' N. IS7°S7' W. 10-20-50
No.9 ._. .• ._______ 12"2S' N. 158°00' W. 10-20-50
No. 10 • • ._.___ l1°OS' N. 158°01' W. 10-21-50
No. 11 • • .___ 10°01' N. IS7°M' W. 10-22-50
No. 12 • .____________ 8°S2' N. IS7°4S' W. 10-23-50
No. 13 . • • .___ 8°0S' N. ISioIS' W. 10-24-50
No. 14_. __ • __ . •• .___ iOl7' N. IS7°04' W. 10-2S-50
NO.IS_. __ • .____________ SOS7' N. IS7°OS' W. 10-26-50
No.16 • ._. .___ SOI9' N. IS7°2O' W. 10-27-50
No.17 ~ . __ ~ .. 4°23' N. 157°30' \V. 10-28-50
No. 18. • .____________ 3°17' N. IS7°58' W. 10-29-50
No. 19. • •• . 2"01' N. ISio34' W. 11- 1-50
No.2O. • .____ 6°07' N. 162°06' W. 11- 6-50
No.21. . __ .____ 6°13' N. 163°00' W. 11- i-50
No.22__________________________ 6°S9' N. 163°M' W. 11- 8-50
No.23 . .____________ 7'24' N. 164°2S' W. 11- 9-50
NO.24__ •. . ._ 6'31' N. 16S04S' W. 11-10-50

1,000 .n.·1925 O.OS • . . __ • . . • . _
0032 0.90 • __ .. • .____ 2 2
1326 1.11 . . • . _

~ g:~& -----i,-)---- ·----i'>--·-- -----t'>----- -----i;j----- -·---i~·----
1250 1.00 • • • • • _
1921 I. 22 . •• __ .• ._ 3 3
0330 0.73 . • • . • • __ ._
172\1 I. 22 • • __ . . • • • • • __ ._
1526 1.3i . • . • . _
Oi24 1.43 _. • • . . __ ._
0742 0.96 . __ • .. • _
0742 I. 41 . . • • ._ 2 2
0727 1.70 • • . • _
Oi3i I.Si . ._ 1 1
072S 2.21 1 _. ._._ 3 S
0912 1.8i ._______ 2 _.__________ __ 2
0802 1.31 • • . 1
OS12 I.MI ._______ I _. . __ 1
0900 1.93 ._. . .- ._•. . _
OSlO I.S7 . . 1 ._. .-----.----- 1 I

! n~ I::::::::::i: :::::::::::: :::::::::::: _··------i~· ----------i;
I +10 zone time 011 stations 1 to 21; +11 zone on stations 22 t-o 24. , Sample missing.

ApPENDIX TABLE 4.-Tuna larlJae collected on Hugh M. Smith cruise 8 in equatorial waters

[All hauls were obliqu,' tows Irom 0 to 200 mpters, 0130 minutes' duration]

Station
Position Time Water I Neo· KQII"-

Dau>. started' strained IJlltnnus wonl/I
Latitude Longitudp m,o;,~o:- polQmi,

.-tuxil
tho lord

Uniden·
tifled Total

3:I

I ... -- _. -- --- I 2
I · -----.-- --- I 2
I ---- - -.- -_.- 2 3
8 · --- - ------- 5 13
3 · ..--------- I 4

:::::::::::: :::::::::::: :::::::::::: --------. j' -----------i
___ • __ .. . . ._.____ 2 2

1 . . . __ . . _... I

----------5- :::::::::::: :::::::::::: :::::::::::: --------.-.,~

:::::::::T -·-------t ~~H~~~~~~ --------·-H------· ~i
_______ .. _._ 2 ..• • . 2
________ ._ __ 2 _•• . . 2

::::::::::;: ::::::::::~t~~::~~~~~~ ::::::::::~: -----------;

·--------·i- ::::::::::: :::::::::::: :::::::::::: ---··---·--i
I

:::::::::::: -·-------T :::::::::::: :::::::::::: --------.--j
1 _•.. . __ • . . .____ . I
1 _. . . I 2

1,000 7/1.'0.94 • __ • ._. • • ._
0.63 __ .~ ~ __ . . __ . _. ~ ." ----------.-
0.43 .• . ------.-----
0.82 •. • . ._. __ ._ --- _

U~ :::::::::::: :::::::::::: :::::::::::: -------·--3- -----------3
1.83 2 __ .. • ._.____ 2

g~::::::::::: ----------3- :::::::::::: :::::::::::: -----------3
1.30 ... _. • __ ._. . -- -------.---- --------.---
1.81 . ._ •. _ . . . •. _._ ------------
0.98
0.98
1.021.63 • __ • • __ .• _. . • .
1..'>'1 • • . • • --------.---
1.93
1. 51
I. 27
I. 2i
I. Oi
0.89
1.23
I. 35
1.88
1.112
I. 74
I. 45
I. OS
1.40
1.51
I.SI
I. .;1I.MI . . -.--
I. 39 • _
1.0i • _
0.98 • _

1:~ I::::::::::::
U~ ----------.- -.---- ---i- :::::::::::: :::::::::::: ----·-·----2
1.43 1 __ . __ ._.____ 1 3
1.91 _. .____ 2 • . .______ 2

::~ ----------i· :::::::::::: :::::::::::: :::::::::::: -----·-----i
I. 54
1.58
1.51
1.72
1.2; ... . . . ~ . -.------~--- ------------

::~ :::::::::::: :::::::::::: :::::::::::: --------.-j- -----------i
1.94 _._ ... ~_ . .. ... ._._ .. __ .... - .. _----- ... -

2012
1449
0925
22S1
0811
1633
0224
11M
2024
06IS
1505
2338
1100
2135
0802
li30
0328
1208
2312
Oi44
1550
2330
0741
IM8
1001
112\1
0245
1821
0238
1118
1930
0735
153i
1612
004i
0926
li02
0034
0834
1816
0249
I10S

.1939
0407
1315
214i
0602
1417
2236
\lliSO
IM710913
0207

No. L_. . . 20'48' N. 15i'30' W. 1-14-51
NO.2__ • . • . 18'47' N. 158'01' W. 1-15-51
No.4 14'30' N. 158'00' W. 1-17-51
No. 6 ._. _._. __ • ._. 12°57' N. 15i'58' W. l-17-S1
No. 7 . --._---.---- - •• -- ----I l1'MI' N. 15i'SO' W. 1-18-SINo.8 . __ ._. • • 11°00' N. 157'53' W. 1-I8-S1
No.9 . 10·OO'N. 15i'56' W. 1-19-51
No. 10 • • . ._____ 9'00' N. 15i'58' W. 1-19-51
No. 11 • .__ 8'04' N. 15i'58' W. 1-19-51
No. 12 .________________ 7'OS' N. IS7'58' W. 1-20-51
No. 13 • ._____ 5'59' N. 158000' W. 1-20-51
No. 14 .______________________ 5'00' N. 158'00' W. 1-20-51
No.M_. .______ 3'M' N. 157°54' W. 1-21-51
No. 16 ._. __ . • .______ 3'02' N. ISi'57' W. 1-21-51
No. 17. • ._. .__ 2°00' N. 158"01' W. 1-21-51
No. 18._. .__ 0°58' N. 158°07' W. 1-22-51
No. 19. • • ._ 0'01' N. 158'02' W. 1-23-51
No. 20._. • .__ 0°55' S. 157°54' W. 1-23-51
No. 21... • __ • .• __ 2°00' S. 158°00' W. 1-23-51
NO.22._. • .__ 3'00' S. 158"O.~' W. 1-24-51
No. 23•••__ • • .__ 4'00' S 158'00' W. 1-24-Sl
NO.24. ._. ._ •. __ 5'00' S. 158'01l' W. 1-24-51
NO.25. __ • . .______ 6"01' S. 158"00' W. 1-25-51
No. 26. . •__ .. __ i·OO'S. 158°01' W. 1-25-51
No. 77 • • . __ 14'30' S. 171°51' W. 2.26-51
1'>0. i8 . • .__ 11'56' S. 171'59' W. 2-2i-51
No. i9 . __ • ._. 10'00' S. 171°S2' W. 2-28-51
No.80. . __ • .• .__ 8'00' S. 171'5{;' W. 2-28-51
No. 81.. ._•• • • __ .. __ 7"01' S. 1il'54' W. 3- 1-51
No. 82__ •__ .. • .• __ .~·MI' S. li2'OO' W. 3- I-51
NO.83 __ . . • .__ 5°00' S. 172°15' W. 3- 1-51
No.84 .___________ 4'00' S. 172'06' W. 3- 2-51
No. 85_. . . __ .___________ 3'00' S. 171'50' W. 3- 2-51
No. 86 . .__ 2'00' S. 172'02' W. 3- 3-51
No. 8i_. . . OOSi'S. 172'00' W. 3- 4-51
No.88._. ._________________ 0'09' N. 171'58' W. 3- 4-51
No.89_ .. ._. __ .______________ 1'04' N. 172'00' W. 3- 4-Sl
No.90_. ._________ 1°54' N. 172'02' W. 3- 5-51
NO.91. . . .____ 2"4&' N. li2"04' W. 3- 5-51
No.92 ._________ 3'57' N. 172'02' W. 3- ,';-51
No.93__._. .. _. .______ 4°56' N. 171'M' W. 3- 0-51
NO.94. ._. __ . ._____ 5'55' N. 171'50' W. 3- 6-S1
No.US • . . 6·58'N. 171'49' W. 3-6-51
No.96 • ._. • ._ 7'56' N. lil'51' W. 3- 7-S1
NO.97 • ._ •• .______ 9°00' N. lilo58' W. 3- 7-51
No. 98 .. _.. • 10°02' N. 171'56' W. 3- 7-51
No.W . ._. • 1l·02'N. 171',~2' W. 3- HI
No. 100 . • . 12"00' N. 171'52' W. 3- 8-51
No. 101. • • 13'01' N. 171'48' W. 3- R-51
No. 102_. . • 13°1;8' N. 171°24' W. 3- 9-51
No. 103 . • 15°00' N. 170'52' W. 3- 9-51
No. 104_. .. .. 16°58'N. 160°42' W. 3-10-51
No. 100 . .• ._118·58' N. 168'2i' W. 3-11-51

'+10 •.one time 011 stations 1 to 26; +11 zone time on st.~tlons 77 to lOS.
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Apl'ENDlX TABLE 5.-Tuna larval' eolleded on Hugh M. Smith emise 11 in equatorial walers

[All hauls wer~ oblique tows from 0 to 200 meters, or 30 mlnut~s' dunltlon]

Position
Station

Latitude Longltud~

nate Time
started'

Water
strained

Neo­
IlIun7lll.
m"rop­
Inu.

Kal.l/­
wonu.
pelami.

Atu'.
tllazard

Uniden­
tilled

Total

-----------·1----------------1----1----1-----1-----1----1----

:::::::::::: ---------·2- :::::::::::: --------.-j. ·----------3
.___________ 3 __ . . 3

:::::::::::: ----------7- --.--------- ------------ -----------8
(') (') --·--c'y---- (') (')

1 _.. ._____ 2

~ ~ ~ ~ ~1 __ . .. . ._ 1
1 1 ._. 2
2 3 . __ . _. ._____ 5

_.. .____ 1 ... 1

---··-----3- :::::::::::: :::::::::::: :::::::::::: -----------3
____________ 1 3 4

1 .____ 2
1 .____ 1

1 . _

4

2

3

21

4
5
5

13
3
5
2
2

1 " ._

1 .•. .. _
1 .____ 2
6' __ • _
1 _•. _
2 ._. . _
1 _. . __
2 _

21 .• • . _. . __

4 • _

4 • . __ •• ••• _. _
4
2
7
2
3
1

2

2 . • • __ ._. __ • _

l,()f)f) m.'
1. 44
1. 22
1.90
1.36
1.85
2.84
1.69
1.54
1.95
0.70
1. 70
1.94
1.29
1.31
1. 47
1.13
1.19
1.55
1.34
1.88
1.64
1. 39
1.51
1.12
1.57
1. 54
1.03
1.53
1.07
1.66
1.63
1.93
1. 47
1.711
1. 73
1. 47
1.60
1.78
1.60
1.94
1.97

OS54
0828
0832
0801
0722
0754
0734
0742
0743
0852
0739
0740
0743
0742
0743
0746
0737
0740
0906
2352
U858
1719
0210
1300
2332
0840
1715
0152
1038
1919
0343
1257
2233
0709
1554
0042
0907
1733
0144
1653
0750

8-24-51
8-25-51
8-21>-51
8-27-51
8-28-51
8-21h.~1

8-30-51
8-31-51
II- 1-51
9- 2-51
9- 3-51
II- 4-51
9-1\1-51
9-20-51
9-21-51
9-22-51
9--23-51
9--24-51
9-25-51
9-25-51
9-26-51
9-26-51
9-27-51
9-27-51
9--27-51
9-28-51
9-28-51
9-29-51
9-29-51
9--29-51
9-30-51
9-30-51
9-30-51

10- 1-51
10- 1-51
10- 2-51
10- 2-51
10- 2-51
II}- 3-51
10- 3-51
10- 4-51

150°12' W.
149°58' W.
150°02' W.
150°01' W.
1500OS' W.
149°51' W.
149°50' W.
149°55' W.
150°02' W.
150°04' W.
150°09' W.
150°04' W.
151°18' , .....
149°54' W.
149°56' W.
150°16' W.
150°08' W.
150°05' W.
150°04' W.
150000' W.
149°57' W.
150°02' W.
149°58'_ W.
150°00' W.
150°01' W.
149°53' W.
150°03' W.
150000' W.
149°56' W.
1Moon' W.
149°57' W.
150°57' W.
149°58' W.
150°13' W.
150°02' W.
150°03' W.
149°56' W.
150°03' W.
150°01' W.
150°42' W.
151°19' W.

14°37' N.
13°06' N.
11°31' N.
9°41' N.
8°58' N.
7°59' N.
6°55' N.
5°59' N.
4°49' N.
4°02' N.
2°55' N.
1°59' N.
2000' N.
0°511' N.
0°01' S.
1003' S.
2°01' S.
3°34' S.
4°57' S.
4°00' S.
3°00' S.
2°00' S.
1°00' S.
0°02' N.
1°02' N.
2°01' N.
3°00' N.
3°58' N.
4°59' N.
5°56' N.
6°51' N.
7°51' N.
8°57' N.

10000' N.
100 58'N.
11°59' N.
13°00' N.
14°01' N.
15°02' N.
17°00' N.
19°00' N.

No. L . _
No.2 ._. . _
No. 3 . _
No.4. . . ..
No.5 . . . _
No. f;. •• ._._. _
No.7_. . . __ . .. __
No.8__ . . __ . .
No.9. . . __ . .
No. 10••• _
No. 11 •• _
No. 12 _
No.22__ . __ .. . _
No. 23__ • _
No. 24__ . _
No. 25 . _
No. 26 . _
No. 27 . _
No. 28 _
No.29 . ... _
No. 30 . _
No. 31._. __ . . __
No. 32_•• . • . __
No. 33 . _. . ._
No. 34 . . _
No. 35 . _
No. 36 .•• ._
No. 37 • . . _
No. 38 . _
No. 39 . _
No. 40_. __ . . _
No.4L ._. _
No. 42 _
No. 43 . _
No. 44 __ •• . __ • _. •
No. 45_._. . . _
No. 46_ •• . __ .
No. 47 __ • .
No.48.... .. _
No. 49 _
No. 50_ .• . . . _

I +10 zone time on all stations.
, Nosnmple.
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ApPENDIX TABI.E 6.-Tuna larllae collected on Hugh M. Smith cruise 14 in equatorial waters

[All hauls WCrl' obliq~c tows rrom 0 to 200 mct"rs, or 30 minutes' dumtioll]

Position
Station

Latitude Longitu<l,'

nute 1'ill!l' . Wllter
starl,'<1 I 5t,·"111,'<1

N.,,­
th"m""
mRrrop·

t"11-8

Katl"­
wonlls

Pflumil
.·t":Tis

tha:ard
Uniden­

tified
'l'otu1

1,000 111.31.01 ... .. • . _
1.33 ._______ \I .________ ~

!~ tT[[-- ::::::::::r [[:[-[-m :::: ::::::::::::;

I
5
.~

2
3
3
8

111
3

15
2

7 .
8 . __ . __
2 _

2 . .. _
3 • _

3 • _

4 . _

14 • __ ._ 1
2 ._. _

3 . • _

1
2

1 . _
_.__________ 2 3
.. ._________ 1 , 4

No. 1. .__ 7°57' N. 1M057' W. 1-27-52 1158
No. 2__ . ._. .__ 6°55' N. 154°57' W. 1-27-52 2132
No.3 • ._.___________ 5°53' N. 154°55' W. 1-28-52 11S13
No. 4__ . . • • .__ 4°55' N. 154°51' W. 1-28-52 1707
No. 5 .___________________ 3°54' N. 154°51' W. 1-2l/-.~2 0207
No.6 • .___ 2"56' N. 154°50' W. 1-29-52 1057
No. 7___________________________ 1°54' N. 155°03' W. 1-29-52 2010
No.8 .__________ 0°54' N. 155°11' W. 1-30-52 Ul<37
No.9 .____________________ 0"06' S. 155°14' W. 1-30-52 1005 2.05
No. 10__________________________ 1°10' EI: 155°(18' W. 1-31-52 11452 1.65
No. 11 . .___ 2°00' S. 155°03' W. 1-31-52 1200 1.48
No. 12 .____ 3°00' S. 154°58' W. 1-31-52 2124 1.51
No. 13__________________________ 4°00' S. 155°07' W. 2- I-52 0707 1.39
No.H__________________________ 4°58' S. 155°00' W. 2- 1-52 1920 1.25
No. 15 .__________ 5°53' S. 155°03' W. 2- 2-52 0455 1.33
No. 16 ._______________ 6°SO'S. 155°00' W. 2- 2-,~2 1407 1.32
No. 17 • . .__ 7'56' S. 179"63' W. 2-15~~2 11116 1.89
No. 18 . ._______________ 7"01' S. 170°49' W. 2-15-52 1053 !.I;7
No. 111 • •__ .___ 6°05' S. 170°58' W. 2-15-52 ItroO 1.55
No. 20 . • ._. __ .___ .~004' S. 179°58' W. 2-16-52 0529 I. 76
No. 21. . 4°03' S. 179"58' W. 2-1.\-52 1:;00 1.31
No. 22___________________________ 2"56' S. lSOoOO' 2-17-52 11()40 1.:10
No. 23.__________________________ 1052'S. 179°54' E. 2-17-52 1107 1.:14
No. 24 ._ 0°50' S. 179°57' E. 2-17-52 1932 1.64
No. 25__________________________ 0°52' N. 170°50' E. 2-18-52 1)521) 1.21
No. 26 ,____ 1°03' N. li9"58' W. 2-18-52 1615 1.51
No. 27_. ._ 2°07' N. 170°57' W. 2-1I/-.~2 0210 1.07
No. 28. . ._ 3°06' N. 170°57' W. 2-19-52 1105 I. H
No. 29__________________________ 4°05' N. 179°55' W. 2-19-52 2008 1.47 2 7
No.30__________________________ 5°06' N. 179°50' W. 2-20-52 Of,/)'~ I. 70 4 4 .________ 1 9
No.31. .. ._________ 6°06' N. 179°44' W. 2-211-.~2 1)21J 1.45 2 • . .___ 2

~_~_~_:__!~_:_:_:-:_-:_-:-_::_:_::_:_:-_::_:_::_:_:_::_:_:_::-,-_r_:~_4_; _E_~:-'-_!_~_~_:g_g_; _f_~_:__t_-r_:~__:_~_'_ ?_~~_'__ !_:_h_1-,---:::::: ::::~: :::::::::: ~: ::::::::::::I::::::::::~: :::::::::::~
I +10 zone time on stations I to Ill; +12 zone time on stationo Ii t.o 34.

ApPENDIX TABLE 7.-Tuna larvae collected on Hugh M. Smith cruise 15 i'n equatorial waters

[All hauls were ohlique tows from 0 to 200 meters, oC 30 minutes' duration)

Position
Station

I.utitude Longitude

nute Time
Sl-arted I

Water
strained

Neo­
Ihallll1l-1
macrop­

I.ral

Kalla­
wonal

Pflamil
o4./Ixia

tha:ard
Uniden­

tified
Total

4
2
I
I

3 __ . ..__ .. _
I _

1 ... __ . _

:::::::::::: :::::::::::: -----·--·-i- :::::::::::: -----------i
---------..- ------------ -------_.--- .----------- -_._-------.

2 ----------7- :::::::::::: ----------i- 10
I 10 2 13

____________. 10 .______ 10 20
__________ .. 8 . .__ 8
__ . . .. I . .__ I

1,000 mo'
I. 42
I. 62
I. 73
I. 87
2.06
1.90
2.17
I. 51
2.4\l
I. 70
2.06
I. 95
1.67
I. 52
I. 32
1.36
I. 72

0731
1839
0015
1036
1727
0208
1003
1838
0344
1237
2138
0515
1257
2026
0628
1839
0709

5-28-52
5-28-52
5-29-52
5-29-52
5-29-52
5-30-52
5-30-52
5-30-52
5-31-52
5-31-52
5-31-52
6- I-52
6- I-52
6- I-52
6- 2-52
6- 2-52
6- 3-52

139°00' W.
1311°46' W.
140°00' W.
139°44' W.
140°00' W.
139°58' W.
139°58' W.
139°53' W.
140°03' w.
140°02' W.
130°52' W.
1311°52' w.
139"50' W.
13\1°52' W.
140°05' W.
139°57' W.
1311°58' W.

8°59' N.
i051' N.
iDOl)' N.
6°36' N.
6°00' N.
5°02' N.
4°06' N.
3°09' N.
1°57' N.
0°63' N.
o"n' Bo
1°02' S.
2°00' S.
3°00' S.
4°00' S.
5°30' S.
7°00' S.

010.1 __ .. .. _
~o. 2 ~ .
0/0.3 _
~o. 4 _
'11'0.5 .. __ . _
~o. 6. . . __
'11'0.7 ' _
,J'0.8 • __
'0. 9_~ • _
Jo.IO . _
:0. 11 . _
10.12 . __ . __
10. 13_. . .. _
'0. J4. ~ . . __

i~: It:::::::::::::::::::::::1
----'---------'-----'----'-----'------'----'------"--------'---

I +9 zone time on all stations.
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ApPENDIX TABLE S.-TII/!(£ larvae collected on Hugh l\'I. Smith crllise 18 in equntorial waters

[Alllmuls were obli1lue tows from 0 to 200 meters, of 30 minutes' duration!

Position
Station

Latitude Longitude

nale Time
started I

Waler
stmlned

N,o­
111'''/7/11'
".acrop·

Itrlll

Kal,u­
WOllU8
p,'ami,

.·lllzi,
llla:ard

Uniden·
tifted

'rolal

--··------2- :::::::::::: :::::::::::: ----------2- -----------4
2 1 - .___ 3
1 1 2

-------_._j- :::::::::::: :::::::::::: :::::::::::: .-----------

No. 2 . _
No.4 .
No.5 . . .
No.6__ . _
No. 7 . _
No.8 . _
NO.9 . _
No. 10 _
No. 11 ..
No. 13 .. ._
No. IS . . __ ._
No. 17 .. _
No. 11'-- .. .. _
No. 21. __ . .. _
No.24 . .. _
No. 26 • • __ . _
No.28. . _
No.30 . . _
No. 31 _
No.32. __ . .
No.33 _
No.34 ._. _
No. 311 . _
No. 37 . _

I +8 zone time'on all sl'ltions.

9"00' N.
;-0(J6' !\T.
5°50' N.
4°53' N.
4°01' N.
3°03' N.
10 55' N.
1°02' N.
0°39' N.
1°04' S.
3°06' S.
4°50' S.
6°37' S.
8°40' S.
4°12' S.
2"IS'S.
0°27' S.
1%' N.
1°42' N.
3°15' N.
4°37' N.
5°42' N.
7°56' N.
9°12' N.

120°50' W.
120°00' "".
120°16' W.
119°59' W.
120°1)fi' \V.
120°05' W.
120°14' W.
120°17' W.
120°14' W.
120°07' W.
l20olO'W.
120°21' W.
120°24' W.
1211°35' W.
130°14' W.
130°11' W.
130°09' W.
130"OS' W.
130°22' W.
130°14' W.
130°26' W.
130°50' W.
131°11' W.
131°24' W.

10-19--52
10-21~2

10-22-52
10-22-52
10-23--li2
10-25-52
10-211-52
10-27-52
10-28-52
10-28-52
11.1-211-52
10-31-52
10-31-52
11- 1-52
11- 5-52
11- li--li2
11- 7-52
11- 9--li2
11- 9--52
11-1I--li2
11-12-52
11-12-52
11-14-52
11-15-52

0012
0200

'0217
2325
1200
11004
m05
Olll
11115
2309
2310
.1206
2307
23U8
2311
2310
2310
0103
2329
0005
0015
2308
0002
0103

I,()f)(} ,/I.'
1.53
1.24
3.29
I. 45
1.53
1. 54
3.05
1. 46
2.62
1.62
1.311
0.77
1. 37
11.88
0.87
1.12
1.31
2.33
1.31
1.40
0.71
0.87
1. 18
0.60

1 _
1 . _

_____________ .__________ 1 . _
______ ._____ 2
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